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CALCULATION OF TERMINAL 
SPEEDS. 


Iw a recent lecture, the substance of which was 
given in our columns,* Dr. Herbert Chatley referred 
to numerous practical applications of the laws of 
fluid motion governing the maximum or terminal 
speed attained by a body falling freely through an 
unrestricted volume of viscous fluid. The existence 
of such a terminal speed under the action of a 
constant accelerating force will be evident from the 
fact that the resistance to the motion of a body 
through a motionless viscous fluid increases con- 
tinuously as its speed increases. The calculation 
of terminal speed, however, is difficult, because 
the law of resistance is so complex as generally to 
preclude expression in tractable mathematical form. 
Moreover, the fluid resistance depends upon the 
shape of the body, upon its disposition to the direc- 
tion of motion and, to a less vital extent, upon the 
roughness or detailed character of its surface. 
In many problems, however, such as those involved 
in gravity sedimentation, centrifugal separation 
and meteorology, the particles are sufficiently near 
to spherical shape for usefully approximate results 
to be obtained by regarding them as spheres, for 


Fig. 1. 
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which shape of body the characteristics of fluid 


“40 -06 Oo ro 


resistance have been extensively explored. As a| 


starting point of attack, the spherical shape has the 
further advantages that all spheres are geometrically 
similar and are always similarly disposed to the 
direction of motion through a fluid. 

The complexity of fluid resistance, despite these 
simplifications, is apparent from Fig. 1, on which 
is plotted, to logarithmic scales, the empirically- 
determined relationship between the resistance of 
spheres and the conditions under which their motion 
through a viscous fluid takes place. In consistent 
units, let 
resistance to motion of sphere, 
diameter of sphere, 
speed of sphere relative to fluid, 
density of fluid, 
= viscosity of fluid. 

From considerations of dynamical similarity it 


may be shown that 
ag (“<*) 
] 


where ¢ is an empirical function of the group of 


factors (« d *). 
n 


iil ia 
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The law of resistance of spheres 


may thus be expressed as the relation between two 
8r 
ap a) 
be termed a coefficient of resistance and 
vdp 


non-dimensional groups, one of which ( 
may 
denoted by ¥; while the other 
liar Reynolds number, denoted wy R. Hence, 


is the fami- 


* “Terminal Velocities,"” ENGINEERING, vol. 149, | —— 


page 6 (1940). 


Reynolds Number R = 


zo 
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l 
Fig. 1, on which log ¢ is plotted against log R, | 
enables the resistance of a sphere to be computed | 
when v, d, p and g are known. 

It is convenient at this stage to note two important | 
regions or ranges of this characteristic curve for 
spheres. Over the range of Reynolds number less 
than about 0-3 the curve, plotted logarithmically, is 
a straight line of slope — 1. Hence, 

r 
log wR — log vat 
and therefore 
r“zvd». 

The notable point is that the resistance is pro- 
portional to the first power of the velocity, the 
motion (and the consequent retarding force) of 
the fluid being largely controlled by its viscosity. 
An analysis of the problem under these conditions, 
due to Stokes,* shows that 

r=3avdn. (2) 
Throughout this “‘ Stokes’ region, consequently, 
the general relations :-— 
8r 
 wpvd? 
and 





R= vd? 
7 
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when 


t.2., 
t= 4dg(>*) oy (4) 
For known values of d, ¢ and p, the value of v*, and 
hence v, could be determined if y were known. 
Unfortunately, ¥ is itself a function of v and recourse 
to successive approximation becomes necessary. 
On the basis of an assumed value for v (which 
may often be close to the truth as the result of 
experience or judgment), R is calculated and the 


| corresponding value of ¥ read off the graph. This 


value is used to compute a first approximation to v 
from equation (4). A second approximation to v 
is obtained by repeating the procedure, using the 
first approximate value of v as the basis for revised 
values of Rand ¥. Successive approximations may 
be continued as far as is warranted by the terms 
of the problem or the degree of accuracy of the 
“known” data. Since y~ does not vary very 
rapidly with R, the successive approximations soon 
converge towards the true value of v, especially 
at the higher Reynolds numbers. A similar proce - 
dure may, of course, be used to determine d when 
vis known. 

Provided that the data represented by Fig. 1 
are available, the foregoing, rather cumbersome, 
method is perhaps the most satisfactory way of 
tackling an isolated problem, and has the merit 
of being widely applicable. For frequent repeated 
use, however, it is so laborious that the alternative 
procedure, described below, has been devised by 
Messrs. Bosanquet, Carey and Stairmand of the 
research staff of Messrs. Imperial Chemical Industries 
(Fertilizer and Synthetic Products), Limited, at 
Billingham-on-Tees. Briefly, the principle adopted 
relates primarily to the transition region between 
the Stokes and Newton regions, and consists in 
estimating a terminal or free-falling speed on the 
assumption that Stokes Law is valid, the value 
so obtained being afterwards corrected for the 
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| may be combined in the simple formula :— 


24 
ve = 


In the second region, which extends from about 
R = 1,000 to R = 250,000, the resistance coefficient 
y% is approximately constant at a value of about 
0-44. The resistance is thus proportional to v* and 
the inertia of the fluid is now its dominant physical 
property. For this reason, this range of the charac- 
teristic curve is sometimes known as the ‘‘ Newton ” 
region. Between the Stokes and Newton ranges 


(3) 


| divergence of the true resistance from that given 
| by Stokes formula. Over the Stokes and Newton 
| regions terminal speeds are directly determinate 


| on the basis that . , or yo 


6 


R 
| mately) for these two regions, respectively. The 
| investigators have prepared the chart reproduced 
lin Fig. 2, page 442, which affords preliminary guid- 
| ance as to the region appropriate to any set of condi- 
tions. This chart displays free falling speeds. for 
| ranges of particle size and fluid properties commonly 
|encountered. It relates to particles of specific 
| gravity = 2, and for particles of different density 
| the free falling speed must be corrected according 
| to the “effective” density (¢ — p) of the particie 
immersed in the fluid raised to a power which lies 
between 0-5 and 1. Incidentally, Fig. 2 illustrates 
the profound difference between the regimes existing 
in the Stokes and Newton regions, and the manner 
in which they are connected by the intermediate, 
transition region. 

In order to generalise the problem, to take account 
of accelerated separation under the action, for 
example, of a centrifuge, it is convenient to regard 
the accelerating force as being n times that of the 
gravitational field at the earth’s surface, g. If 


= 0-44 (approxi- 





exists a transition region throughout which, as 
Reynolds number increases, the influence of vis- 
cosity gradually yields predominance to that of 
inertia. There is no analytical or simple empirical 
relation between resistance and speed in the transi- | 
tion region. 

Most practical problems involving terminal 
velocities occur at Reynolds numbers below the | 


| 
| 


| upper limit of the Newton region, i.e., at values of | 


R less than 250,000, and the curve of Fig. 1 offers | 
a means of determination in the case of spherical | 
particles. Under the conditions obtaining when a| 
terminal velocity is reached, the accelerating force 
causing the sphere to move is exactly balanced | 
by the fluid resistance to motion. In the simple| 
case of a sphere of density o falling under the action | 





of gravity g, through fluid of density p, this condition 


Stokes law is assumed to be valid, equation (4) 
may then be re-written : 


v: -4dng(° 3 pW 
which, on substitution for 4, from (3) gives 


v= 4dng(o—p).vd 5 p.24y 


o—p 
vy = d*n o( ) 
“\. 189 


giving the free falling speed when the particle 
diameter is known ; 
or 


whence 


(5) 


2 vn 
d, = 18 =~ (o — p) (6) 
which gives the particle size for a known termina! 
velocity. 

To simplify matters still further, the relation 


is satisfied when 
nd*g (“5*) = pvtnd? ¥ | between v and d given by equations (5) or (6) may 
6 8 | be presented graphically as a series of curves for 
———____———- — | different values of the fluid viscosity. This opera- 
* Lamb, Hydrodynamics, 5th edition (1924), page 567. | tion, carried out by the L.C.I. investigators, is 
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4. CORRECTION FACTOR. ABSOLUTE UNITS 
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diameter computed by equation (6) for a given or 
observed true terminal speed v, a correction factor 


d 
7 by which the “ Stokes” diameter d, must be 


divided, can also be found and related to be. 

It will, of course, be apparent that if the required 
terminal velocity regime is shown with certainty by 
Fig. 2 to lie within the Stokes region, then the 
terminal velocity is exactly calculable by equations 
(5) or (5a), or may be read off from Fig. 3. Allter- 
natively, if the terminal velocity, computed from 





(5) or (5a), or read off from Fig. 3, leads to a value 
of Reynolds number less than 0-3, then Stokes law 
is valid and the value of terminal velocity so obtained 
is correct, If, however, the “‘ Stokes”’ terminal 
velocity v leads to a Reynolds number ¥, in the 
intermediate or transition region, a correction factor 
must be applied, as explained above. These factors, 


aa and z for terminal velocity and particle diameter, 
8 


respectively, are shown graphically in Figs. 4 and 5, 
It may be noted that in Fig. 5 they are plotted 








443 
not against the usual form of Reynolds number R, 
as is the case in Figs. 1 and 4, where the values of 
v, d, p and » which are grouped to compose R, are 
all in consistent units ; but against a similar group, 
in which the units of v and v, are feet per second and 
the unit of d and d, is the micron, p and » are in 
¢.g.s. units. The abscisse of Fig. 5 are conse- 
quently greater than the corresponding abscisse of 
Figs. 1 and 4 in the ratio :-— 
centimetre 

foot ~ 30-48 

Thus, the ‘‘ Stokes ” region, over which the correc- 


centimetre 10,000 


micron 





= 328. 


tion factors of Fig. 5 are unity, extends up to v, d £ 


equal to about 100, corresponding to R = v d - = 
0-3, approximately, in Figs. 1 and 4. 

Throughout the Newton region, y may be taken 
as constant for all practical purposes and equal to 
0-44. This value gives a maximum error of about 
7 per cent. for velocities and about 14 per cent. for 
diameters, either of which can often be tolerated. 
The equilibrium of accelerating force and fluid 
resistance when the terminal velocity is attained is, 
therefore, represented (with the notation previously 
used) by the equation :— 


amdng(o—p) a 
meen eer, 0:44 pu'a 3 
whence 
_ dng (a — p) 
0-33 p 7) 
and 
he 2 
d = _0°33 p v! (8) 
ng (o— p) 
All these quantities are in c.g.s. units. If, as 


before, v is expressed in feet per second, d in microns, 
and g = 32-2 ft. per second persecond, the equations 
| take the forms :— 

| yt _32-2dn (o — p)_ 

0-33 . 30-48 . 48-10%» 


| or 
1:79. ws /=2e—s ft. per second ; 
p 


(7a) 








| 
| 
| 
| 
| 


| and 


d = 0-33. 30-48 . 108 pot 
32-2 n (ao —p) 
| or 
= 2 
° ote. ee microns (8a) 
n (a — p) 


Within the Newton region, of course, no correc- 
| tions similar to those applied over the transition 
region are necessary, terminal speeds for given 
| diameters, or diameters for known terminal speeds 
being directly calculable by equations (7) or (7a) 
and (8) or (8a), respectively. 
| The sequence of operations in solving any parti- 
| cular problem may be summarised as follows :— 
| (1) By inspection of Fig. 2, estimate, from the 
known data, whether the conditions fall within 
| the Newton region, bearing in mind that in this 
| region terminal velocity is proportional to the square 
root of the number of impressed gravities (equation 
(7) ). 

(2) If the problem relates to the Newton region, 
| solve for v or d by formule (7) to (8a). 

(3) If the conditions relate to the Stokes’ or 
intermediate regions, obtain from Fig. 3 the termina] 
speed according to Stokes law for unit gravity and 
unit density difference. 

(4) Multiply this value first by the number of 
impressed gravities (n), and secondly, by the actual 
density difference (¢ — p) between particle and 
fluid. This gives the value of v;, the “‘ Stokes ”’ 
terminal speed. 


(5) Using this value of v, calculate v, d 
(6) For this value of vs ar find the appropriate 


correction factor from Figs. 4 or 5. 





(7) Multiply the value of v, (obtained by operation 
(4) above) by this correction factor. The product 
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so obtained is the true terminal velocity under the 
postulated conditions. 

(8) If d is required for a given value of v, modify 
operations (3) to (7) appropriately. 

The use of the charts and formule is illustrated by 
the following examples : 

I. To calculate the terminal speed of spherical 
particles, 100 microns in diameter and of specific 
gravity 2, falling in air under the action of gravity. 
Since the fluid is air, of relatively small density, its 
buoyancy may be neglected, and it is permissible 
to say 
2 gm. per cub. cm. 


a p* U 
d 100 microns. 
an l 
p 1-2. 10-* gm. per cub. em. 
7 1-84 . 10-* gm. per cm. sec. 
From Fig. 3, 
Us 1-00 x 2 = 2 ft. per sec. 
°§ -3 
Tee 
vs d 2.100.770 
= 1,305. 
From Fig. 5, 
? 
- = 0-76 
Ug 
Hence, 
v = 2 x 0:76 
1-52 ft. per sec. 

Il. To calculate the diameter of a sphere of 
density 2-7 which has a terminal speed of 50 ft. per | 
second in air under unit gravity, 

o—p=e 2-7 
1-2.10-° 
v 50 
n l 
From Fig. 2, this case falls within the Newton 


region. Hence, by formula (8a), 


» 


3-125. 10°. 1 
3,470 microns. 

I1l. ‘To calculate the terminal speed, in air, of 
50-micron diameter particles of sand under the 
action of a force equal to 100 times gravity. 


Here 


a p o == 2-7 approx 
d = 50 
p = 1-2.10- 
7] 1:84. 10-* 
n 100. 
From Fig. 3. 
t 0-25 .2°7. low 
7-5 ft. per sec, 
1? 67-5. 50-12 
vee 
” 1-84 
= 22,000. 
From Fig. 5, 
t 
0-4 
Ue 
Hence 
v 0-4 67°5 


27 ft. per sec. 

LV. To calculate the terminal speed, in water at 
20 deg. C., of spherical particles, 20 microns in 
diameter and specific gravity 2-5 faliing under 
gravity. 

Here the fluid density is relatively important. 


a 20 
p= 1-0 
whence 
o—p 1-5 
d = 20 
” 9-01 


n 


Inspection of Fig. 2 shows that this case is within 
the Stokes region, and that the terminal speed is 
approximately 
2-5 - 


0 -00072 ( *) 
“I 


0-O0O11 ft. per sec. 


» 


Alternatively, from Fig. 3, 
vs = 0-00072.1-5 
= 0-001] 
and 
= y) 0-0011. 20.1 
7 v-Vl 
°.9 
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From Fig. 5, 


—=1 
Us 
Hence 

v = 0-0011 ft. per sec. 

V. To calculate the diameter of a spherical 
particle of sand, which has a terminal speed of 
27 ft. per second in air under the action of a centri- 
fugal force 100 times gravity. 


Here 
o =(¢— p) = 2-7 
p = 1-2.10° 
7 = 1-84. 10-* 
n = 100 
v = 27. 


Before using Fig. 3 to obtain the diameter of the 
particle on the supposition that Stokes Law is 
valid, it is necessary to take account of the actual 
density difference (o — p = 2-7), and the number 
of impressed gravities (n = 100). Since, according 
to Stokes Law, v, « n(o— p) [formula (5)], the 
‘* Stokes ’’ terminal speed of this size of particle, 
if its density were 1 and it were acted upon by unit 
gravity, would be 

27 
2-7. 100 
At this speed, for fluid of viscosity 0-000184, Fig. 3 
shows a particle diameter of 32 microns. This is 
the ‘‘ Stokes "’ diameter, d,, of a particle of density 
2-7, which falls at 27 ft. per second under 100 
gravities. 


0-1 ft. per sec. 


Hence 
p  27.32.1-2.103 
t d. = 
n 1-84. lo-* 
5,630. 
From Fig. 5, 
d 0-64 
y +. 
Hence the required diameter 
32 
0-64 
d 50 microns. 


General Remarks.—All the foregoing calculations 
relate to a rigid sphere supposedly moving through 
otherwise unoccupied fluid, the reason being that 
these are the only conditions for which extensive 
experimental data on spheres are available. Gener- 


ally, of course, particles are of irregular shape, 


though in many practical cases these irregular 
shapes, such as grains of sand, are fairly similar to 
one another. 
such cases is to measure terminal speeds experi- 
mentally for typical samples of material, and hence 
to deduce the diameter of an equivalent sphere, i.e., 
a sphere of the same density in the same fluid 
which has the same terminal speed as that of the 
irregular particle. Apart from extremes of shape, 
such as rods or flakes, most irregular particles have 
terminal speeds about 35 per cent. less than those of 
spheres of the same mass and density as the 
particles. Further discussion of this aspect of the 
problem is given by Heywood.* 

An important range of practical problems deals 
with bubbles, globules or spheres of fluid moving 
through another liquid or gas. In such cases, 
Lambt has shown that the resistance to motion 
may be considerably less than that of an equal 
rigid sphere, as the result of slipping of the fluid at 
or near the surface of the moving fluid sphere. 
He takes account of this eflect, analytically, by the 
introduction of a coefficient of sliding friction, but 
no numerical values of this coefficient in typical 
cases appear to be known. Lamb shows, however, 
that if the coefficient of sliding friction is zero, the 
* Stokes 
2mvdn, i.e., two-thirds that of an equal rigid 
sphere (cf. formula (2)]. At the other extreme, the 


| sphere is rigid, the coefficient of sliding friction is 


infinity, and the Stokes formula (2) is valid. Hence 
the maximum error occurs when the true terminal 
speed should be given by 

_ dng(o— p) 


ve 127 








* “Measurement of Fineness of Powders,” Proc. 
I.Mech.E., vol. 140, page 293 (1938). 
| * Hydrodynamics, 5th edition (1924), page 569. 








Probably the best method of treating | 


” resistance of the moving fluid sphere is | 
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: —~ 
| but is actually computed by formula (5) or derived 
| from Fig. 3. In this case the computed value of v, 


|is therefore low and should be multiplied by the 


8 a 
| factor rs = 1-5 to give the true value. Similarly, 


ds, computed by formula (6), is high and should 
| be multiplied by the factor 


to give the true value. 
In the Newton region ¥ is independent of 
| viscosity, so that viscosity, and hence sliding 
friction, can be assumed to be negligible without 
| affecting the head resistance. In this region, there- 
| fore, the terminal speed of a falling fluid droplet 
| will be independent of its viscosity. In the tran- 
|sition region, surface slipping will increase the 
| terminal velocity, but by a smaller factor than in 
| the Stokes region. 
| In practical examples it will, no doubt, be possible 
| to judge, from a knowledge of the relative viscosities 
| of the main body of fluid and of the drop, by what 
| proportion of the maximum of one-third the resist- 
ance is reduced by sliding friction, and hence to 
| reduce the limits of error represented by the above 
| correction factors. Alternatively, it may be 
| warrantable to assume that the sliding friction 
resent is such as to halve the correction factors 
| or to halve the reduction of resistance. By such an 
assumption the uncertainty will be diminished to 
| proportions which can often be tolerated. 

A final point of interest concerns the interference 
effects of particles moving in relatively close proxi- 
mity through a volume of fluid. The I.C.1. investi- 
gators remark that if the concentration is greater 


12 


l 
| than about jj by volume, or even less for small 
particles, mass convection currents set up by differ- 
'ences of concentration, and hence of density, can 
attain velocities which are an appreciable fraction 
of the free falling speed of the particles. This effect 
has been observed in concentrations approaching 
1 é' ‘ onl : 
joo by volume with particles 50, in diameter 
but is inappreciable for 200, particles in concen_ 


trations up to 35 In addition, aggregation may 
occur due to large particles overtaking small ones. 
In either case, the result is an increase in the mean 
falling speed and is usually much greater than the 
wall effect and mutual interference effects which 
are of the opposite sign. Concentrations of the 
order of 1 per cent. by volume have been observed 


to double the falling speed in some cases. 








WrovuGat LIGHT ALLOYS DEVELOPMENT ASSOCIATION 
SCHOLARSHIP.—A research scholarship established by the 
Wrought Light Alloys Development Association, valued 
at 2501. per annum and tenable for two years, is being 
offered for competition in 1941. Candidates should 
preferably be under 30 years of age. Further particulars 
regarding the scholarship may be obtained on application 
to the Secretary of the Institution of Naval Architects, 
10, Upper Belgrave-street, London, S.W.1. 


DIESEL-ENGINED PORTABLE AIR COMPRESSORS.—The 
two portable air-compressing plants having outputs of 
110 cub. ft. and 167 cub. ft. of free air per minute, 


manufactured by Messrs. Broom and Wade, Limited, 
H‘gh Wycombe, as will be seen from the illustrated 
description of the larger-sized machine given in 


ENGINEERING, Vol. 144, page 534 (1937), were formerly 
driven by Lister Diesel engines. Owing to the present 
conditions, however, the supply of these engines is 
restricted, and Messrs. Broom and Wade are now fitting 
Diesel engines made by Messrs. Buda Company, Harvey, 
Illinois, U.S.A. The 110 cub. ft. plant has a four-cylinder 
engine, with cylinders 3§ in. bore by 5% in. stroke, while 
the 167 cub. ft. plant has a six-cylinder engine with 
cylinders 3j in. bore by 5} in. stroke. Both engines are 
fitted with electric starting equipment and it is stated 
that they run well within their rated capacity under all 
operating conditions. The compressor plants with the 
| new engines are a little shorter in overall length, while 
the weight of the smaller plant is reduced by 7 cwt. 
and that of the larger plant by 4 cwt. The air com- 
pressors, and the other parts of the plants are, of course, 
still of Messrs. Broom and Wade’s manufacture, the 
new engines being adopted as a substitute for the 
| former type. 
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THE REPORT OF THE FUEL 
RESEARCH BOARD. 


(Concluded from page 435.) 


In the carbonisation section, experiments have 


been continued on the use of non-coking coals, | 


either alone or blended with coking coals, for the 
production of domestic coke and town’s gas. Experi- 
ments, previously reported in a paper to the Insti- 
tution of Gas Engineers, were made at Edinburgh 
gas works, in which it was shown that non-coking 
coals of size larger than slack could be successfully 
carbonised in continuous vertical retorts without 
producing any considerable quantities of breeze. 
The effect of adding weakly or non-caking coals to 
strong caking coals is that (a) the size of the coke 
tends to increase up to a point and then decreases ; 
(b) the strength of the coke remains fairly constant 
up to the same point and then decreases sharply, 
while the friability of the coke increases steadily ; 
(c) the reactivity of the coke increases progressively ; 
(d) the time of carbonisation, and, therefore, the 
amount of heat required for carbonisation, increases 
steadily as the amount of weakly-caking coal 
increases (the difference between strongly-caking 
and non-caking coals when carbonised alone may 
be as much as two hours per charge); and (e) the 
thermal yield of gas, and its calorific value, is 
decreased. In the absence of steaming at the end 
of the charge, the decreases in yield from suitable 
blends are as much as 3 per cent. to 5 per cent. 
With the addition of non-caking coal to Durham 
coking coal the difference is greater. 

The practical conclusion reached is that strongly 
caking and non-caking coals can be blended advan- 
tageously if certain disadvantages are accepted. 
The advantages are increased combustibility of the 
coke, and an increase in the range of coals available 
for gas manufacture to include coals not suitable at 
present except in the form of doubles or trebles. 
This may have considerable local importance, since 
the proportion of weakly-caking coals used in the 
blend may be as high as 50 per cent. The dis- 
advantages are that the output of gas and its 
calorific value are decreased ; this would prevent or 
reduce the steaming of vertical retorts. Since the 
time of carbonisation of a blend is greater and a 
non-caking coal requires more heat for its carboni- 
sation than a good caking coal, blending of this 
character reduces the output: by some 17 per cent. 
Certain Northumberland and Durham coking coals, 
carbonised in the Fuel Research Station narrow 
brick retorts in the form of cobbles and trebles, 
have produced coke possessing such outstanding 
properties as to be classed in the words of the 
Report, ““among the best low-temperature fuels 
within the experience of the Fuel Research Board.” 

Work has been continued in collaboration with 
the Institution of Gas Engineers upon the catalytic 
enrichment of water-gas by producing methane 
from carbon monoxide and hydrogen. It has been 
shown that an excess of hydrogen over that required 
by the reaction, CO + 3H, = CH, + H,O, gives the 
best yield of methane. The difficulty encountered 
at the moment is in discovering a suitable catalyst. 
The best catalyst so far found, nickel-thoria- 
kieselguhr, was so affected by sulphur as to have a 
life of only 120 hours. Such a short catalyst life 
cannot be considered good enough for commercial 
application, but, if a method of reactivation could 
be found which could be applied even after so short 
a period as 100 hours, the process would immediately 
become worthy of large-scale trial. Until such a 
method can be found, it would seem that there is 
more promise of success in attempting to develop a 
sulphide catalyst of sufficiently high activity— 
possibly by a return to the study of catalysts of the 
molybdenum-disulphide type. 

Work on the hydrogenation of oils and tars has 
shown that creosote, or selected fractions of it, 
forms a good raw material for hydrogenation and 


coke-oven tar, if the present sample may be taken 
as representative, contains a very much smaller 


zontal-retort tar. 


| and hydrogen at atmospheric pressure (the Fischer- | 
Tropsch reaction), both on the semi-technical scale 
and in the laboratory. During a semi-technical | 
scale run of two months, at the most favourable | 
stage the yield of recovered liquid hydrocarbons | 
was over 90 gr. per normal cubic metre of synthesis 
gas, a yield which is, of course, a good deal less than 
that produced in German plants. In view of the 
susceptibility of hydrocarbon synthesis catalysts 
to poisoning, the purification of commercial gases 
from sulphur constitutes an important problem. 
In the work so far carried out, the synthesis gas 
has been freed from hydrogen sulphide by passage 
through iron oxide in the usual manner, and the 
remaining organic sulphur compounds have been 
removed to the desired degree by means of a heated 
catalytic purifier consisting of active oxide (lux- 
masse) containing added sodium carbonate. An 
alternative method of removing organic sulphur 
compounds from gases containing hydrogen is by 
catalytic reduction to hydrogen sulphide ; this can 
then be removed by cold iron oxide in the usual 
manner. This method offers the possibility of 
using much higher space-velocities, and thus 
reducing the size of the purification vessel. En- 
couraging results have been obtained on the labora- 
tory scale with a catalyst containing uranium and 
cerium in the ratio of 4 to 1 by weight. 

The possible production of lubricating oils from 
coal or coal-products is being investigated along 
several lines, namely : (a) the polymerisation of the 
liquid product obtained by the synthesis of hydro- 
carbons from carbon monoxide and hydrogen ; 
(6) the chlorination and condensation of saturated 
hydrocarbons synthesised from carbon monoxide 
and hydrogen ; (c) the polymerisation of unsaturated 
hydrocarbons produced by the carbonisation of 
coal; and (d) the hydrogenation of tars. Previous 
work has shown that the appropriate fractions, 
when subjected to polymerisation, yield oils that 
are similar in properties to the natural lubricants 
used in ordinary internal-combustion engines, but 
which fail only in respect to the oxidation test when 
subjected to the stringent Air Ministry test for 
aero lubricants. Recent experiments have shown 
that the oils can be improved by a further hydro- 
genation treatment. The experiments were carried 
out on a synthetic oil much inferior to the best 
obtainable, and the results give promise that, with 
a more carefully-selected starting material, the 
method will produce a lubricating oil equal in all 
respects to the best natural products. 

One cylinder of a two-cylinder Mirrlees-Diesel 
engine has been converted to powdered-coal opera- 
tion, The engine in question has a bore of 12 in. 
and a stroke of 18} in., and is designed to run at 
230 r.p.m. Conversion has been effected by the 
substitution of a coal-dust injection valve and 
precombustion chamber for the original oil fuel 
valve and the provision of a new valve lever, cam 
nose-piece and coal-dust hopper. The original 
cylinder cover has been retained without alteration. 
The high rates of wear encountered in coal-dust 
Diesel engines can be reduced to practicable propor- 
tions by the choice of suitable materials for the 
liner, piston and rings. By using certain types of 
chromium-plated liner in conjunction with ordinary 
cast-iron pistons and rings, the rate of liner wear was 
reduced to about one-seventieth, the top ring wear 
to one-sixteenth, and the piston wear to about 
one-thirtieth of that obtained with the ordinary 
cast-iron liner, piston and rings. 

One of the main items in the domestic heating 
programme is the reduction of smoke emission from 
chimneys. In the course of this work, a new open 
domestic grate has been designed which has reduced 
the smoke emitted during refuelling periods, in 





readily yields a volatile spirit of octane number 69. 
Work has been begun upon the hydrogenation of 
coke-oven tar, and this material has proved more 
amenable to treatment than was expected. The 
most remarkable feature of the results was the 


some instances, by over 60 per cent. The new 
grate has a combustion chamber which is concave 
towards the fuel bed and overhangs it. This 
causes the air and volatile matter to be more 
intimately mixed and to be at a much higher 





great reduction in asphaltic material; evidently, 





| 
proportion of refractory material than does hori- | 


Investigations have proceeded on the catalytic | 
synthesis of hydrocarbons from carbon monoxide | 


AUTOMATIC STEP-DRILLING OF 
DEEP HOLES. 


In modern engineering practice, particularly in 
connection with the internal-combustion engine, deep 
holes, that is, deep relatively to their diameter, are 
required for such purposes as oil passages in crank- 
shafts, connecting rods and other parts. Such holes are 
very difficult to produce with ordinary drilling machines 
as the swarf cannot be got away without frequent 
reversal of the drill, so that, either a great decrease in 
the rate of cutting, a stoppage of cutting, or even, 
breakage of the drill may result. This limitation does 
not apply to such work as can be rotated axially 
round the drill, as in these cases the swarf can be 
removed by turning the work round, a procedure which 
is obviously impossible with such details as a crank- 
shaft, for instance, and is, indeed, only practicable in 
extremely few cases. Messrs. Leland-Gifford Company, 
Worcester, Massachusetts, U.S.A., have given a great 
deal of attention to the problem, and have developed 
ingenious machines which advance the drill rapidly 
to the work, drill to a predetermined depth, and then 
rapidly withdraw the drill for clearance of the swarf, 
these operations being repeated in successive stages 
until the desired depth of hole has been reached; the 
whole of the movements are automatic. Mr, Eric 
Hirvonen, of the Leland-Gifford Company, recently 
contributed an informative paper on the subject to 
the American Society of Mechanical Engineers, which 
paper, entitled “‘ Automatic Step-Drilling of Deep 
Holes,” is summarised below with acknowledgments 
to both the Amer:can Society of Mechanical Engineers 
and to Mr. Hirvonen. 

Mr. Hirvonen commenced his paper by a reference to 
the methods adopted prior to the development of the 
automatic machine, the manually-actuated drilling 
machine, seen in Fig. 1, page 446, being employed. The 
work is not shown in place in this figure, the two com- 
ponents immediately below the drill points being jigs 
or guides. The drill spindles are driven directly by 
electric motors and the feed, in successive steps with 
alternate withdrawals, is applied by rotation of the 
capstan wheel in the centre of the machine which 
actuates, through couplings of the Hooke-joint type, 
the traversing rack and pinion gear on the spindle 
sleeves. Clearly such a method, although effective, was 
slow and involved constant attention on the part of the 
operator. The corresponding automatic machine is 
shown in Fig. 2, on Plate XXXI. The work, a motor- 
car crankshaft, is seen in place with a pair of directly- 
driven drills. The left-hand drill passes in succession 
through a crankpin and a crank web, into one of the 
journals, The feed is effected by a slide attached to 
the drill sleeve, the slide being traversed by a hydraulic 
cylinde: with automatic control gear contained in the 
casings seen to the right of each spindle. The central 
valve controls the starting of both drills. That the 
effort on the part of the operator is reduced and a very 
considerable amount of time saved by this machine is 
evident from the fact that one operator can run several 
of them without any attention other than that of 
changing the work and starting the cycle. 

The slide and hydraulic gear is more clearly shown, 
at all events externally, in the views, Figs. 3 and 4, 
which show it mounted on the frame of a standard 
drilling machine. The cutting feed rate is adjustable 
from zero to 20 in. per minute, the rapid traverse rate 
is 1 foot per second, and the successive feeding steps 
can be varied from a minimum of } in. to any desired 
amount. Gaps or openings in the work can be passed 
at the rapid traverse rate, if desired. The final depth 
of the hole can be set to any distance up to the full 
traverse of the slide. A four-spindle automatic machine 
for drilling the oil holes along the axis of motor-car 
engine connecting rods is shown in Fig. 5. The rods 
are held in quick-acting jigs, and one operator can 
complete 150 drillings per hour. To attain this pro- 
duction rate by other methods would probably require 
from six to ten spindles, according to the length of 
hole and the drilling qualities of the rod material. 
The connecting rods seen in Fig. 5 are of normal 
motor-car size, but the same type of automatic machine 
and jigs is also used for larger rods, such as those for 
Diesel engines, reciprocating compressors and the like, 
Camshafts and similar parts can also be drilled on 
them. 

The drill used for step-drilling is a two-grooved 
twist drill, and, provided the hole is not too deep, an 
ordinary stock drill is suitable. With deep holes, 
however, drills longer than the stock sizes are required, 
though the fluting is not carried relatively so far in 
order to obtain the maximum stiffness. The flutes 
should be polished to assist free cutting, and the 
unfluted portion of the shank should be slightly smaller 
in diameter than the cutting part to prevent trapping 
of the cooling fluid in the hole when the shank enters 
the hole. The drills which had to be used in the 
manually-actuated deep-hole machines had thick webs 
to prevent breakage, but for most automatic step- 





temperature than with the ordinary type of grate. 





drilling such webs are unnecessary. Wherever possible, 
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the drill point should be finished on a twist-crill 
grinder, and the web at the drill point should be 
ground thin to reduce thrust on long drills. The 
grinding of the point should also be carried out so 
as to tend to the formation of curly chips rather than 
long straight ones as the former are more easily 
removed. 

A proper and ample supply of cooling fluid is of 
importance in deep-hole drilling. The flow must be 
across the hole, and round the drill, so that swarf is 
washed away and the drill is cooled when it is with- 
drawn. A rapid flow, or one directed into the hole, will 
merely wash the swarf back, whereas a gentle stream of 
sufficient quantity will fill the drilled hole and absorb 
heat from the work. The external surfaces of the 
work should be cooled by a fluid flow, which may 
be either the overflow of the drill stream or derived 
from separate nozzles distributed round the work, 
this external cooling being important for work in 
which the material round the hole is thin. Water 
and soluble-oil mixtures are suitable for deep-hole 
drilling in steel, but cast iron and other materials 
which have swarf tending to form a paste with the 
cooling fluid are best cooled by a flow of air applied 
in the same manner as with the liquid. With air- 
flow, drilling may be done at any angle, but with 
vertical drilling the swarf must be blown or sucked 
away on withdrawal of the drill to prevent it from falling 
back into the hole, since a steel chip at the drill point 
on the bottom of the hole will twist with the drill 
and completely prevent cutting. When using a liquid 
for cooling, the hole must be at some angle above the 
horizontal in order that the liquid will flow into the 
hole on withdrawal of the drill. 

The distance through which the drill may be fed 
into the work mainly 
on the material being drilled, but also on the cooling- 
fluid supply. Shorter steps permit better cooling and, 
in consequence, higher rates of feed, and, naturally, 
even without external cooling, with a shorter step there 
is less heat to be absorbed by both drill and work. Thus, 
if the step be doubled in length, the time is also doubled 
and the swarf will be twice as long in the hole as in the 
original length of step, whereas, if the length is divided 
into two steps both the time the swarf remains in the 
hole and its quantity are the same in each step. 
Experience has shown that the best results are achieved 
by making the depth of each step approximately equal 
to the diameter of the drill when the material is steel 
and the supply of cooling fluid is ample. ‘This rule 
holds good for drills up to } in. in diameter. With 
larger drills, maximum rates of penetration are obtained 
by making the steps equal to } in. plus about one 
quarter of the drill diameter; for example, the step 
for a drill § in. in diameter would be j in. and that for 
a drill 1 in. in diameter would be 4} in. These propor- 
tions are valid independently of the degree of hardness 
of the steel, since the spindle speed and the feed per 
revolution are chosen to secure the most economical 
time between drill sharpenings. From this it follows 
that approximately the same amount of heat will be 
generated in a given distance whether the steel is 
hard or soft, though the time will be shorter for the 
softer material. Longer steps can be used with a feed 
rate less than the maximum permissible for the 
material to be drilled, so that longer steps than those 
indicated by the rules above are permissible for deeper 
holes where the feed rate is limited by the slenderness 
of the drill. Iron, aluminium and various other mate- 
rials in which long chips are not formed may be drilled 
in considerably longer steps than are used in the case of 
steels, 

Materials which harden by cold work, such as some 
of the stainless steels, can be drilled with a rigid drilling 
machine in which the deflection between the drill 
point and the work has been made a minimum since 
the stiffening ensures a rapid “ bite " into the material 
and an equally quick release, so preventing rubbing 
and resultant work-hardening. Attempts to control 
the length of the step by mesuring the increase in 
torque or thrust have not been successful. There is 
practically no regular increase in either thrust or 
torque until the drill has been dulled to a degree 
sufficient to cause such an increase. Continuation of 
the drilling in these circums ances would be impos- 
sible without resharpening since the drill would be 
withdrawn as soon as it started cutting. The increase 
in torque from chips clogging the drill flutes is indefinite 
and variable and the resulting from torque 
eontrol would, therefore, be irregular in length. Both 
feed and speed of the drill, moreover, would have to be 
greatly reduced to keep the drill cool enough to last 
for a reasonably long time between sharpenings. It 
will thus be clear that maximum production can be 
obtained by keeping the steps relatively short and 
uniform in length. Apart from this, regular steps 


In successive steps depends 


steps 


prevent the straightness of the hole being adversely 
affected should chips bind in the flutes of the drill. 
The rate of feed whieh gives the best production can 
be determined by trial in each case, since it varies with 
material, length of step, cooling fluid supply and dia- 
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Fie. 1. 


meter and length of drill. 
most economical feed is the sound of the drill. Increase 
of feed results in increase of torsional vibration and, 


beyond a certain point, rapid dulling of the drill takes | 
of torsional vibration | 
seems to help the cutting and more work pieces per | 


place, though a small amount 
sharpening can be obtained. It will have been gathered 
that the longer the step the slower the feed, and that 
the balance between feed rate, length of step and drill 
speed depends on a number of variables. The spindle 
speed may be determined by the customary methods 
for the material concerned but, provided too much wear 





at the corners of the drill does not take place, it should 
| 


generally be as high as possible. The depth of hole 
that can be economically drilled is limited, by lack of 
stiffness in the drill body and shank, to not more than 
50 times the diameter of the drill for holes over ¥ in. 
in diameter. On smaller sizes the maximum depth is 


less than that given by this ratio and depends largely | 


When small holes are 
fibrous materials there 


on the material being drilled. 
drilled in certain tough and 








DupLex Hanp-Frep Macutne. 


The best indication of the | careful to point out that the figures relating to the 


25-in. hole are illustrative only since a hole of this 
depth would have to be } in. in diameter to be economi- 
cally drilled by the step method. A hole } in. in dia- 
meter may be drilled with steps } in. long, a long drill 
and a low feed rate being used. Cutting then takes 
400 seconds and rapid traversing 100 seconds, the ratio 
becoming 4 to 1. Holes over 30 in. deep, it is stated, 
are being successfully drilled by drills having oil-holes 
in them. 

Some applications of step-drilling are shown in Figs. 6 
to 8, Plate XX XI. Several different types of machine 
are seen in Fig. 6, all, however, being employed on 
similar work, that is, in drilling the various oil holes 
required in motor-car crankshafts. The shafts being 
drilled have six cranks and two holes are drilled simul- 
taneously on each machine, the shaft being moved 
along the bench as required. It may be noted that the 
machine on the right has, in addition to two heads for 
drilling angular holes, a single head provided with 
duplex drills, for drilling holes at right angles to the 


is difficulty with the chips, but frequently heat-treat- | axes of the crankpins. 


ment of the work so as to bring it to a slightly higher 
Brinell hardness makes the drilling much 
reducing drill breakage and other troubles. 


Cutting time lost during the drill withdrawals further | of a six-cylinder engine. 


A more compact arrangement is shown in Figs. 7 


easier, | and 8, which are two views of a six-spindle machine 


for drilling at one setting all the holes in the crankshaft 
All the spindles are inclined 


limits the total depth on the larger sizes of holes to a to facilitate cooling of the drilled hole, and it will be 
maximum of 24 in, or thereabouts, except when drills | noticed that the motors are not directly connected to 


provided with oil-holes are used, lubrication of the | the spindles but drive them by belts. 


The hydraulic 


drills permitting longer steps with a resultant increase | step-drilling mechanism is generally of the type seen 


in the ratio of cutting time to idle time. 
rate of rapid traverse provided by the step-by-step 


drilling mechanism is, as already stated, 1 ft. per | 


second. 


of a hole 6 in. deep in }-in. steps and taking the time | engaged and released readily. 


The usual | in the preceding figures. 


The crankshaft is held while 
drilling is in progress in a jig provided with hydrauli- 
cally-operated clamps. A manually-actuated valve on 


Using this figure in considering the drilling | the top frame of the jig enables these clamps to be 


A second valve in this 


required for drilling each step at 4 seconds, a total of | situation is for the simultaneous starting of all the 


100 seconds is required for drilling and a total of about 
124 seconds for the fast approach and return strokes, 
the ratio of cutting time to idle time being thus 8 to 1. 
Drilling a hole 25 


~~ 


| 
| 


|} uni 


in. deep occupies 400 seconds in| outline only. 


ts on the drilling cycle. 
The automatic hydraulic mechanism is very briefly 


| described in the paper and can be dealt with here in 


The drilling-spindle head is traversed 


cutting and 200 seconds idle time, that is, 50 per cent. | by a hydraulic piston the cylinder of which is furnished 
of the cutting time is needed for rapid traverse against | with a piston valve, the movements of this valve 


the 12} per cent. required for the 6} in. hole, the cutting | controlling all the motions of the head. 
Mr. Hirvonen was | admitted at its centre. 


rate being the same in each case. 





Pressure is 
The ports between the piston 
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valve and cylinder are not, however, normal passages. 
The top port, viz., that admitting oil to give downward 
movement of the head, is provided with an adjustable 
throttle valve to keep a constant back pressure on the 
piston and to vary the pressure on the feeding traverse, 
while the bottom port has a manually-adjusted valve 
which, when the port is closed by the piston valve, as it 
is during the feed traverse, allows the feed rate to be 
regulated. The piston valve is actuated by a bell- 
crank lever moved partly by a cam and partly by a 
spring-loaded plunger. The cam is on a bar connected 
to the spindle head, and this bar carries a supplementary 
one having pins pitched according to the length of step 
desired. Once the cycle is started, movement of the 
spindle head causes the cam to control the piston valve 
so that the head is traversed at the required feed rate 
for the pitch of one of the pins on the supplementary 
bar. When this point is reached a pivoted-wedge 
device causes the spring-loaded plunger to come into 
action and the bell-crank is rapidly moved by it to a 
point such that the piston valve opens the cylinder ports 
fully to pressure on the one hand and exhaust on the 
other, rapid withdrawal of the drill taking place. A | 


plunger on the bar starts the piston on its next stroke|The blade, however, can be tilted into four other | grinds. 


at a rapid approach rate and then the cam takes up the 
bell-crank movement and the movements are repeated 
as before with the difference that rapid approach and 
withdrawal strokes increasingly lengthen and the 


pivoted-wedge device comes into operation at succes- 
sive pins. 
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PORTABLE POWER-DRIVEN CON- 
TINUOUS CHAIN SAW. 


In the account of the Building Trades Exhibition of 
1938, in ENGINEERING, vol. 146, page 372 (1938), we 
described and illustrated a portable petrol-driven chain 
sawing machine of sound design but of foreign origin. 
The description given below refers to a wholly British- 
made machine of the same type, which is illustrated 
by Figs. 1 to 5, on this page and on page 450, and 
is claimed to be fully equal to its prototype. The 
machine here dealt with is manufactured by Messrs. 
T. H. and J. Daniels, Limited, Lightpill Iron Works, 
Stroud, Gloucestershire, and is distributed by Mr. J. 
Clubley Armstrong, Alford House, Wilton-road, Lon- 
don, S.W.1, who also collaborated in its design. The 


| relative to the engine will be clear from the sectional 
| drawings, Figs. 4 and 5, e 450. Transmission from 
| the engine crankshaft to the driving sprocket is by 
| means of a pair of bevel wheels, the driven wheel being 
| contained in a gearbox to which one end of the saw 
‘blade is firmly bolted and rotating on a bushed pro- 

jection of the bracketed base carrying the engine. 

Overlapping rings on both the gearbox and base form 

the necessary flanges, and the knobbed lever seen at 
| the bottom of the gearbox in Fig. 4 actuates the 
| locking device for retaining the blade in any one of 
| its five possible positions. The lever shown at the 
; centre of the gearbox actuates the friction clutch for 
| starting and stopping the saw. It is controlled by a 
| Bowden cable led to a hand-grip lever on the left-hand 
| lifting and guiding handle near the engine. The 
clutch will slip should the saw meet with an obstruction. 
The hollow shafc on which the driven bevel wheel is 
mounted is carried in ball and roller bearings, and 
| the driving sprocket, when the clutch is disengaged, in 
| ball bearings. The clutch-engaging load is effected by 
| a compression spring acting on a collar and connected 
| to the clutch spindle, 

The tai) sprocket of the chain is also mounted in 
ball bearings and is carried in a yoke sliding on’ the 
casting to which the outer end of the saw blade is 
bolted. The gearbox and the outer casting are con- 
nected by a guard bar at the back of the saw, as well 

as by the saw blade, the latter being, of course, grooved 

|on its periphery to form a path for the saw chain. 
The top and bottom grooves are provided with wearing 
strips which are interchangeable. The tooth form of 
the chain is shown in Fig. 4. The teeth have alternate 
right- and left-hand sets and are arranged in successive 
groups of six, each group consisting of a pair, right and 
left-hand, of cutting teeth, a pair of bent raker teeth, 
and a pair of straight raker teeth. The tops of the two 
kinds of raker teeth are at different levels, the bent 
raker teeth being » in. below the cutting teeth and 
the straight raker veeth the same distance below the 
bent raker teeth. The method by which the chain is 
tensioned is shown in Fig, 5. The yoke carrying the 
tail sprocket is furnished with a screw bearing on the 
outer casing and locked with a wing nut, Rotation of 
the screw in a right-hand direction by means of the 
handle, which is also used for guiding the saw, traverses 
the tail sprocket to give the desired degree of tension. 
To avoid injury to the chain by injudicious tightening, 
the handle is made with a spring-loaded dog clutch, 
which slips when the safe load on the chain is reached. 
The projecting handle on one side of the casing is for 
lifting the saw. The end casing embodies a container 
for the oil for chain lubrication. The oil flow is suitable 
for all positions of the saw except that for left-hand 
cutting, when hand lubrication is employed. 

The power-unit is a Villiers single-cylinder two-stroke 
|eycle petrol engine. The crankcase is split vertically 
| for ease of access and the shaft is carried in ball bearings. 
|The crankshaft is extended as shown on the left of 
| Fig. 4, to carry a flywheel magneto and a centrifugal 
|fan. The discharge from the fan is led by the cowling, 
seen in Fig. 2, over the cooling fins of the cylinder and 
cover. As is normal practice with the Villiers engine, 
there are two exhaust manifolds. These are indicated 
at each side of the cylinder in Fig. 4. Below the left- 
hand manifold in this figure is the air inlet, its position 
relative to the carburettor being shown in Fig. 5. 


| 





| The control lever is situated on the right-hand handle 


at the engine end. Starting is by means of a cord 
on a pulley formed on the fan rotor, the starting 
operation being illustrated in Fig. 2. The petrol tank 
holds rather more than half a gallon of fuel with an 
appropriate quantity of oylinder lubricant. The 
strap seen between the handles in Fig. 5 assists manipu- 
lation of the saw by transferring a large part of the 





general appearance of the machine is well shown in 
Fig. 1, but it should be noted that lengths different from | 
that seen in the figure are available, the saws being | 
manufactured in three standard lengths, viz., 3 ft. 3 in., | 
4 ft. 1 in., and 4 ft. 10 in., and the change from one to | 
the other being made by the substitution of the saw | 
blade and chain only. The. total length of the chain, 
when fitted with a 3 ft. 3 in. blade, is approximately | 
6 ft. 8 in. and correspondingly more for the longer | 
blades. In all sizes the. machine is readily portable ; | 
thus its weight, when fitted with a 4 ft. 1 in. blade, is | 
136 lb. This weight, however, implies the use of | 
Elektron castings for certain parts, and if other materials | 
are used the weight will be somewhat greater. The | 
engine is shown in Fig. 2, and a saw-sharpening attach- | 
ment in Fig. 3. | 
As illustrated in Fig. 1, the blade is shown in the plane | 
of the engine-cylinder axis; that is, in the position | 
normally used for cross-cutting logs lying horizontally. | 


positions, the engine always remaining vertical. For | 
tree felling, the saw blade can be set horizontally with | 
the cutting edge facing either to the right or left as | 
convenient, while for notching a tree trunk it may be | 
set at an angle of 45 deg. either to the right or left. | 


weight on to the shoulders of the operator at that end. 
As regards performance, this naturally varies with 
the kind of wood, position of saw blade, and so forth, 
but some recent cross-cutting tests on a large number 
of specimens of hardwood, mostly oak, gave an average 
cutting time of 3 minutes on logs 3 ft. 3 in. in diameter. 
The average cutting time for logs of soft wood, 24 in. 
in diameter, was 50 seconds. The engine developed 
5 h.p. at a speed of 2,500 r.p.m.; the normal working 
rate for the saw chain is about 1,200 lineal ft. per minute, 

Reference to Fig. 4 will show that a screwed boss 
is fitted to the flywheel. This is a take-off connection 
for the flexible shaft of the saw-grinding attachment 
shown in Fig. 3. The saw chain can, of course, be 
sharpened by a file when held in a vice. The frequency 
of sharpening depends largely on the work done. Thus, 
when cutting logs of medium hardness between, say, 
10 in. and 14 in, in diameter, the chain should be 
ground after about 300 cuts and should stand 50 re- 
The grinding attachment consists of a wheel 
with a slightly dished face and a cylindrical roller with 
circumferential grooves at various angles, The roller 
has longitudinal freedom of movement and the chain 
is placed over the groove appropriate to the type of 
tooth to be ground, the cylinder being traversed 


|The provision for these different settings of the blade ' backwards and forwards to give the feed movements. 





448 
SOCIETY OF GLASS TECHNOLOGY. 


Tue 208th ordinary general meeting of the Society 
of Glass Technology was held in Sheffield on Wednesday, 
November 20, 1940, the President, Dr. S. B. Bagley, 
occupying the chair. Two papers were presented 
and discussed. The first of these was entitled ** The 
Softening Point of Glass,” and was by Dr. J. T. Littleton, 
of the Corning Glass Works, U.S.A. The paper was 
presented for the author by Professor W. E. S. Turner. 
[t stated that two definitions of softening point were 
at present in use. The definition by the author was 
the temperature at which a fibre of glass, 9-25 in. long, 
of a diameter between 0 mm, and 0°75 mm., 
suspended vertically in a furnace of specified charac- 


55 


teristics, will elongate under its own weight at the 
rate of 1 mm. per minute. Under these conditions, 
such a rate of extension takes place when the glass 


has a viscosity of 107* poises. The second definition 
was that agreed on by the Society of Glass Technology 
and the Deutsche Glastechnische Gesellschaft, and 
was the maximum point reached on the complete 
thermal expansion curve of a glass. Again, this point 
was dependent on the experimental conditions, and 
the apparatus employed had to be standardixed before 
a definite viscosity value could be allocated to the 
point determined. The two methods were then 
described and the results obtained by them compared. 
The fibre-extension method was claimed to give results 
precise to closer than | deg., whereas the interferometer 
method was not precise. The latter method was 
based on the measurement of a temperature at which 
an effect having no magnitude occurred, whereas the 
fibre-extension method depended on measuring the 
temperature at which the magnitude of the effect had 
i definite value. Softening-point determinations were 
a rapid and reliable means of ascertaining if any 
variation in the characteristics of a glass had occurred. 
The tibre-extension method had been in use at Corning 
for over thirty years and during the last few years 
about ten thousand measurements a year had been 
made. 

The second paper dealt with “ Standard Discs in the 
Strain Testing of Glass,” the author being Dr. FE. J. 
Gooding, of the Rockware Glass Syndicate, Limited, 
Greenford. It was mentioned in this paper that glass 
dises with standardised degrees of strain (described 
briefly as standard strain-dises) had been at 
eleven bottle factories and one other glass factory. 


80 


ao 


used 


The results and comments of the observers were corre 
lated in the paper. Four different types of strain 
viewer had been used, and a large variety of glassware 
had been examined in respect of its weight, thickness 
and contents capacity. The method was most easily 
employed in conjunction with a strain-viewer which 
had a large, uniformly illuminated field of view, with 
uniform polarisation over a relatively large area. 
In general, it was agreed that the strain-dise method of 
comparison was simple and trustworthy, was useful 
for training personnel, and that agreement 
between different observers was obtained. When the 
degree of strain was small, observers rarely disagreed 
by more than one disc, colourless or pale green bottles 
being used; but when the strain greater than 
normal, agreement between observers was not so good. 
The dises were not particularly suitable for use with 
unber or dark-green bottles unless a suitable colour 
tint plate could be superimposed on them. It 
agreed that for bottle examination no revision of the 
degree of strain of the was necessary. Only 
about 1-5 per cent. of the ware examined had a scrain 
grading greater than three discs 


good 


was 


was 


discs 





Roan FaTALitres IN GREAT BrRrirarn.—Figures 
issued by the Ministry of Transport indicate that 1,012 
persons died as the result of road accidents in Great 
Britain in October, and that, of these, 501 were killed 
during the hours of darkness. In October, 1939, the 
total number killed was 920, of whom 565 met their deaths 
during the hours of darkness. 

FOOD-PREPARATION MACHINERY Exporr Grovrp. 
The Food-Machinery Export G-oup has been officially 
recognised by the Export Council, as the Food-Prepara- 
tion Machinery (Miscellaneous) Export Group, to repre- 
sent the makers of British equipment for the manufacture, 
preservation, handling, storage and preparation of every 
type of edible product. The Group has now been in 
existence for six months and we are informed that ite 
service in issuing licences for raw materials in connection 
with the export trade is functioning smoothly. The 
working committee consists of Mr. F. C. Gardner (chair- 
man) and Messrs. A. J. Clare, L. A. Moody, R. G. Radley 
and L. H. Tonkin. The Group is anxious to make itself 
complete as possible and invites applications for 
membership from all firms manufacturing equipment and 
machines of any type for food manufacturers. The 
secretary is Mr. W. Leonard Hill, 17, 
London, W.1. 
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ENGINEERING. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, and, unless otherwise stated, the price is 2s. 
net, or 2s. 3d. including postage. 


Rubber Mats for Electrical Purposes.—In order to 
meet a demand for a standard for rubber mats for 
electrical purposes a new specification, No. 921-1940, 
has been issued. It contains provisions for the con- 
struction, thickness, weight, workmanship and finish 
of the mats, while electrical, mechanical and ageing 
tests are also covered. It is emphasised that the 
issue of the specification is not intended to imply 
that rubber mats should afford the sole means of 
protection when working on electrical circuits. 
ever possible, further precautions should be taken 
against risk of shock and short circuit. In this con- 
nection attention is drawn to the fact that, in places 
in which the Home Office Electricity Regulations apply, 
it may be illegal in certain cases for work to be done 
on live conductors or apparatus at pressures in excess 
of medium pressure, namely, 650 volts, as, for instance, 
in Home-Office Electricity Regulation No. 18 (a). 
This implies that work may be carried out only on 
sections which have been made “ dead ” and suitably 
screened from adjacent live conductors. 








Recording Electricity Meters.—The progress made in 


| the industry since the publication, in May, 1929, of 


the second revision of specification No. 90, which deals 
with graphic (recording or chart-recording) ammeters, 
voltmeters, wattmeters, power-factor meters, and 
frequency meters, has made it desirable to bring the 
specification up to date. Accordingly, a third revised 
edition of the specification has now been published. 
This includes clauses relating to a graphic voltmeter, 
having a maximum error of one per cent., and to a 
graphic frequency meter having a maximum permissible 
error of one-tenth of a cycle per second. Several types 
of new instruments are dealt with for the first time, 
including rectifier-operated graphic ammeters and 
voltmeters, and iron-cored electro-dynamic graphic 
wattmeters. The requirements covering the use of 
synchronous motors for driving and timing the charts 
have also been specified. 


Impulse- Voltage Testing.—The question of impulse- 
voltage testing has become of considerable importance 
in recent years, and a specification dealing with defini- 
tions and general principles was issued in 1938 by the 
International Electro-technical Commission. This 
specification has now been issued, as Standard No. 
923-1940, by the British Standards Institution and 
should prove of considerable interest to all manufacturers 
and purchasers of electrical plant. The object of 
impulse-voltage testing is, of course, to determine the 
effect of voltage surges of short duration on electrical 
installations and on their individual parts, the surges 
being such as are caused especially by lightning dis- 
charges. The terminology used in impulse-voltage 
testing is somewhat peculiar and, unless the meaning 
of such expressions as the “ time to half-value of the 
wave-tail”’ is clearly defined, confusion and perhaps 
bewilderment will ensue. The first three pages of the 
new specification are, therefore, devoted to a section 
on definitions. The remainder of the publication 
deals with the general principles of the generation of 
impulse voltages, the measurement of wave shapes, 
and the measurement of impulse voltages. The 
standard wave shape for testing purposes also 
prescribed. 
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PERSONAL. 


MCLELLAN, 32, Victoria-street, 
us that they are taking into 
BLACKBURN and Mr. 


MESSRS. MERZ AND 
| London, 8.W.1, inform 
| partnership Mr. CHARLES LORD 


THOMAS GRAEME NELSON HALDANE, who have been 
members of their staff for a number of years. 
| Messrs. MEK-ELEK ENGINEERING, LIMITED have 


| given up their premises at 16, Douglas-street, London, 
S.W.1, and all communications should now be addressed 
to 17, Western-road, Mitcham, Surrey. 

Dr. D. H. Peacock, Professor of Chemistry at the 
University of Rangoon and special chemical adviser 
to the Customs Department of the Government of Burma, 
is retiring from the service of that Government. 


Mr. J. JoHnson, who has been in the service of Messrs. 
Alfred Herbert, Limited, Coventry, for 43 years, has 
retired from the position of secretary to the firm. 


Mr. G. W. Ross, rolling-stock engineer to the joint 
passenger and commercial transport department of the 
Brighton Corporation, has been appointed rolling-stock 
superintendent to the Rotherham Corporation Transport 
Department. 


Mr. N. J. LuNaMm has retired, owing to ill-health, 
from the position of chief engineer of The Tees Side 
Bridge and Engineering Works, Limited, Middlesbrough, 
which he has held for the past 20 years. 


Mr. J. W. DUNNING, deputy general manager of the 
Cardiff Corporation Transport Department, has now 
been made traffic manager. 

Mr. J. J. THORN has been appointed sales and service 
representative, in Ireland, of The Associated Equipment 
Company, Limited, Southall, Middlesex, in succession 


to the late Mr. J. TYERs. 
Mr. NORMAN HACKNEY has left the Indian State 
Railways to join the new Department of Munitions 


Production, India, as development officer. 








NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel Trade.—The Scottish steel industry 
still extremely active and as ample supplies of raw 
materials are held by makers, production is being main- 
tained on a high level. Government contracts, direct 
and indirect, are accounting for most of the current 
output. During the past week. plates of all descriptions 
were in strong demand. Boiler makers, having recently 
received extensive orders, have been specifying more 
freely for boiler plates, and tank constructors are also 
consuming a large tonnage of plates. In the black steel 
|} sheet trade the demand is very heavy. Structural 
engineers are still fully employed on important contracts 
and are specifying for a considerable tonnage of material. 
The following are the current market quotations : 
| Boiler plates, 171. 0s. 6d. per ton; ship plates, 161. 3s. 
per ton; sections, 151. 8s. per ton; medium plates. 
4 in. and thicker, rolled in sheet mills, 211. 15s. per ton ; 
black steel sheets, No. 24 gauge, 22/. 15s. per ton; and 
galvanised corrugated sheets, No. 24 gauge, 261. 2s. 6d. 
per ton. 

Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland continue to be very 
satisfactory and a considerable volume of business is 
being done. A gratifying feature is the improvement 
which has taken place in inquiries for forward deliveries. 
No change has taken place in the state of the re-rolled 
steel bar branch of the industry and all plant is fully 
occupied. Raw materials are fairly plentiful, as good 
shipments of semies have recently arrived from overseas, 
and the local supply is also satisfactory. The market 
prices are as follows :—Crown bars, 151. 12s. 6d. per ton ; 
No. 3 bars, 131. 12s. 6d. per ton; No. 4 bars, 131. 17s. 6d. 
per ton; and re-rolled steel bars, 17/7. 15s. per ton, all 
for home delivery. 

Scottish Pig-Iron Trade.—<Active conditions continue 
in the Scottish pig-iron trade and the whole production 
is rapidly cleared. The demand from the steelworks is 
particularly heavy and some improvement has to be 
recorded in the demand for foundry grades of iron. 
| Iron ore supplies are good and satisfactory stocks are 

held. The following are to-day’s market prices: 
Hematite, 61. 18s. 6d. per ton, and basic iron, 61. 0s. 6d. 
per ton, both delivered at the steelworks; and foundry 
iron, No. 1, 61. 5s. 6d. per ton, and No. 3, 61. 3s. 0d. per 
| ton, both on trucks at makers’ yards. 
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CONTROL OF Nitric Actp.—The Minister of Supply 
has made an Order, entitled the Control of Nitric Acid 
(No. 1) Order, 1940, which provides for the licensing of 
producers of nitric acid. It took effect as from Decem- 
ber 2, and applications for a licence should be made to 
the Ministry of Supply, Industrial Ammopia Control, 
19, Berkeley-square, Bristol, 8. 
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CARDIFF, Wednesday. 
The Welsh Coal Trade.—The announcement by Mr. 
Ernest Bevin, Minister for Labour and National Service, 
during the past week that he was appointing tribunals 


NOTES FROM THE SOUTH-WEST. | 


| 


in all the principal coalfields of the country to deal with | 


the question of man power in the various areas and to 


advise him on the number of young men to be called | 


for national service, has again drawn attention to the 
unemployment position in the industry in the area. It 


was reported that Mr. Bevin would raise the reservation | 


age of all classes of colliery workers to 30 years. At 
present there considerable unemployment in 
industry in South Wales owing to the loss of export trade 
and the inability of local producers to secure a larger 
share of the available inland trade. There 


is 


the | 


was little | 


change in conditions on the market during the week. | 


There was a good demand circulating from home indus- 
trial users, and collieries producing these kinds were 


| foundries 


usually well placed with forward orders. The dry steam | 
coals however, attracted little interest, and with supplies | 
plentifully available, collieries were irregularly employed. | 


There was a steady movement of the best large descrip- 
tions and the popular sized classes were in sustained 
request and were not easy to stem over a long time 
ahead. Bituminous smalls were scarce, but dry smalls 
were plentiful and dull. Cokes were busily engaged, but 
patent fuel remained slow. 

The Iron and Steel Trade.—Activities were well sus- 
tained in the iron and steel and allied industries of South 
Wales and Monmouthshire last week. Most works were 
engaged almost to full capacity and order books were well 
filled for some time ahead. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Reduced deliveries of steel are 
reported by a few works, but the shortage in supplies is 
not serious, stocks being sufficient for full-capacity opera- 
tions to be continued. Further, the position is expected 
to be rectified within a few days. General activity 
persists throughout the steel and engineering trades. 
There are extensive orders on inland account for all 
types of steel products, and the output of Sheffield steel 
shows a substantial rise as compared with a year ago. 
The greater part of the tonnage produced is being con- 
sumed for Government contracts, but a considerable 
amount is being utilised for commercial work. The 
steel-melting capacity has been greatly extended. 


| works owned by hematite makers, 


| iron is yet on sale, as makers are still retaining the whole 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
General Situation.—The demand for iron and steel is | 
|} unabated and notwithstanding the maintenance of an | 
extremely heavy tonnage output, supplemented by 
substantial imports from overseas, careful distribution | 
is still essential to ensure that adequate supplies reach | 
quarters where they are most needed. At the same} 
time, deliveries are well abreast of urgent current needs. 
The bulk of the available material is still absorbed by | 
firms directly engaged on work of national importance, | 
but conditions encourage the hope of a gradually expand- 
ing release of tonnage for ordinary purposes. At present, 
however, most of the output is fully sold over the delivery 
allocation period and little effort is made to put through 
new business. 

Cleveland Iron Trade.—The increasing activity at 
necessitates larger supplies of pig though 
extensive use of scrap is being made. As, however, 
adequate deliveries are coming to hand regularly from 
other producing centres, there is no need for expansion 
of the present make of Cleveland brands. While the 
main source of supply is the Midlands, parcels of iron 
from elsewhere are still obtainable for special purposes. 
Official quotations of Cleveland pig remain at the level 
of No. 3 description at 128s., delivered to buyers in the 
Middlesbrough district. 

Hematite.—The continued heavy production of hema- 
tite, together with considerable imports of iron, are 
sufficient for present requirements and confidence is 
expressed in the ability to meet the expanding demand. 
The supply is passing promptly into use, mostly at 
but buyers have 
substantial contracts against which to draw and are 
receiving larger quantities than has been the case for 
some time. Producers are unwilling to enter into further 
commitments until their contract obligations have been 
much reduced, and under the existing conditions second- 
hands have little opportunity of effecting transactions. 
The stabilised prices of East Coast hematite are ruled 
by No. 1 grade of iron at 138s. 6d., delivered to North 
of England customers. 

Basic Iron.—None of the large production of basic 
of their output for use at their own steelworks. The 
quotation thus remains nominal at 120s. 6d. 


Foreign Ore.—Stocks of foreign ore at consumers’ 





Since 


the first high-frequency induction furnace was installed | 


in this area over 12 years ago, many firms have adopted | i id ivisabl , 
. . - | 2 @ ns a ~» » 2 > ‘a » 2 
this process for the production of special alloy steels. | sold as extensively as they consider advisable and the 


Some of the furnaces in use are employed for the produc- 
tion of ingots weighing over 2 tons. The demand for 
railway rolling stock shows improvement. Orders are 
being received from the Middle and Far East, but the 
amount of business being done with those markets is 
small. 
There is a good demand for reconditioned plant, and in 


some types difficulty is being experienced in obtaining | 


adequate supplies. The tool trades continue to be 


British railways are buying with greater freedom. | 


actively employed, makers having well filled order books. | 


South Yorkshire Coal Trade.—All types of fuel are 
moving freely. Industrial coal is being supplied to all 
users in larger quantities, and stocks are being accumu- 
lated steadily at consuming works. Locomotive coal is 


in demand, and house coal is a progressive section. | 


cokes are active. 








GOLD PRODUCTION IN THE TRANSVAAL.—The 


days, was 1,102,212 fine oz. 


THE CONTROL OF O11 FirrEs.— Arrangements have been 


made by the Institution of Mechanical Engineers to hold | 
a special informal meeting on Friday, January 3, 1941, | 
when Mr. A. F. Dabell, M.I.Mech.E., F.Inst.Pet., will | 


initiate a discussion on ‘‘ The Control of Oil Fires.” 
Mr. Dabell will speak on the desirability of replanning 
fire arrangements to meet such conditions as the destruc- 
tion of pipe lines, more especially with a view to precau- 
tionary control rather than immediate extinction; the 


Smalls find a ready market, and foundry and furnace | 


In 
pro-| D. R. Grenfell, the Secretary for Mines, stated that returns 
duction of gold in the Transvaal during October, which | furnished by the Ministry of Transport showed that, at 
comprised 27 working days, totalled 1,211,277 fine oz. the beginning of September, 1,038 steam road vehicles 
This total, we are ipformed, constituted a high record. | were in use, and at least 650 goods and other vehicles 
The figure for October, 1939, which comprised 26 working | 


yards are satisfactory and imports promise to improve. 

Blast-Furnace Coke.—Both buyers and sellers of 
Durham blast-furnace coke are disinclined to discuss 
new business. The supply is ample, but the latter have 


former have little occasion to buy. Fixed values are 
based on good medium qualities at 35s. 6d. 

Manufactured Iron and Steel.—The deliveries to re- 
rollers of semi-finished iron and steel are sufficient to 
enable the mills to maintain maximum outputs. Manu- 
facturers of black and galvanised steels are well sold, 
and have difficulty in meeting the pressure for deliveries. 
All descriptions of finished steel are rapidly taken up 
as they become available. Medium and light sections, 
heavy plates, and special qualities of steel are in strong 
demand. Soft steel billets are quoted at 121. 5s.; hard 
billets at 131. 12s. 6d.; joists and sections at 15l. 8s. ; 
heavy plates at 161. 3s.; and heavy rails at 141. 10s. 

Scrap.—Users of iron and steel scrap have ample 
stocks, but are still accepting deliveries. 








HOME-PRODUCED FUELS FOR ROAD VEHICLES.— 
reply to a question in the House of Commons, Mr. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


OF MECHANICAL ENGINEERS.-—North- 

To-night, 6 p.m., The Mining Institute, 
Neville Hall, Newcastle-upon-Tyne. The Twenty- 
Seventh Thomas Hawksley Lecture: ‘“ Power and 
Combustion,” by Professor A. C. G. Egerton. North- 
Western Branch: Saturday, December 2.30 p.m., 
The Engineers’ Club, Albert-square, Manchester. ‘“ The 
Physical Aspects of Steam Generation at High Pressures 
and the Problem of Steam Contamination,”’ by Mr. R. F. 
Davis. Yorkshire Branch: Monday, December 9, 
7.30 p.m., The University, Sheffield. Joint Meeting 
with THE SHEFFIELD SocrETY OF ENGINEERS AND 
METALLURGISTS. ‘“‘ Speed and Continuity of Operations 
in Modern Glass Production,”’ by Professor W. E. 8. 
Turner. Institution: Friday, December 13, 2 p.m., 
Storey’s-gate, St. James’s Park, 8.W.1. General Meeting 
arranged by the Steam Group. ‘‘ The Physical Aspects 
of Steam Generation at High Pressures and the Problem 
of Steam Contamination,” by Mr. R. F. Davis. 


INSTITUTION 
Eastern Branch : 


‘, 


INSTITUTION OF AUTOMOBILE ENGINEERS.—London 
Graduates’ Branch: Saturday, December 7, 3 p.m., 


12, Hobart-place, S.W.1. Debate on ‘ Can Small Quan- 
tity Car Production Survive?” Manchester Centre: 
Saturday, December 14, 3 p.m., The Engineers’ Club, 
Albert-square, Manchester. General Meeting. ‘“‘ Notes 
on Filtration and Distribution of Lubricating Oil,” 
by Mr. T. C. Worth. 


Institute of British Foundrymen.—Lancashire Branch : 


Saturday, December 7, 3 p.m., The Engineers’ Club, 
Albert-square, Manchester. ‘“‘The Foundry: Past, 
Present and Future,” by Mr. F. Dunleavy. Scottish 


Branch: Saturday, December 14, 3 p.m., The Royal 
Technical College, George-street, Glasgow. ‘‘ Obser- 
vations on Contraction in Cast Iron,” by Mr. E. Longden. 
West Riding of Yorkshire Branch: Saturday, Decem- 
ber 14, 6.30 p.m., The Technical College, Bradford. 
Discussion on the Report of the Melting Furnaces Sub- 
Committee, to be opened by Mr. F. K. Neath. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, December 9, 5 p.m., The Merchant 
Venturers’ Technical College, Unity-street, Bristol. 


* Electric Cables and Fire Risks: Recent Developments 
and Investigations,”” by Mr. S. W. Melsom. North- 
Eastern Centre: Monday, December 9, 6.15 p.m., 
The Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
*“ Electricity in Paper Making,’’ by Messrs. W. J. Mason 
and S. A. G. Emms. Scottish Centre: Tuesday, Decem- 
ber 10, 6.15 p.m., The Heriot-Watt College, Edinburgh. 
“The Design of Teaching Equipment for Electrical 
Engineering Laboratories,’ by Professor M. G. Say and 
Dr. E. Bradshaw. 

BRADFORD ENGINEERING SociETy.——-Monday, Decem- 
ber 9, 7.15 p.m., The Technical College, Bradford. 
** Impact and Notched Bar Testing,’’ by Mr. C. N. Water- 
house. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.——Tuesday, 
December 10, 2.30 p.m., The Royal Empire Society, 


Northumberland-avenue, W.C.2. Opening General 
Meeting. 
ILLUMINATING ENGINEERING Sociery.—Tuesday, 


December 10, 2.30 p.m., The E.L.M.A. Lighting Service 
Bureau, 2, Savoy-hill, Strand, W.C.2. General Meeting. 
Discussion on ‘‘ Contrast in Illuminating Engineering,”’ 
to be opened by Mr. J. M. Waldram, Dr. R. G. Hopkinson 
and Mr. W. R. Stevens. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
December 10, 2.30 p.m., The Chemical Society’s Rooms, 
Burlington House, Piccadilly, W.1. Joint Meeting 





were running on producer gas. In addition, at least | 
1,500 vehicles were running on other home-produced 
fuels, the majority of which employed coal gas as a 
means of propulsion. 


POCKET CHARTS OF DATA ON NON-FERROUS ALLOYS.— 
Messrs. The Birmingham Aluminium Casting (1903) | 
Company, Limited, Birmid Works, Smethwick, Birming- | 
ham, have sent us copies of three Birmal pocket folding | 


| charts which they have recently issued. The first of 


provision of natural drainage to separate burning gas | 
from the main body of the oil in pipes and in tanks; | 


the general principles governing the arrangement of 
storage tanks, pipe lines, fire walls and collecting pits ; 
the problems caused by oil in navigable waters, and fires 
in railway depots and industrial works; and the uses 
of the various extinguishing agents. No printed papers | 
will be available, but written communications will be | 
accepted. The meeting will be held at the Institution, | 
Storey’s Gate, St. James’s Park, S.W.1, at 2 p.m. 








| alloys. 





these relates to the mechanical and physical properties 
of aluminium alloys, for general use and for pistons, 
and of zinc-base alloys for pressure die castings. The 
second chart relates to the mechanical and physical | 
properties of aluminium and Elektron alloys and the | 
third to the composition and heat treatment of these | 
The object of the charts is to provide designers, 
engineers and metallurgists with accurate and essential 
data concerning the alloys dealt with. Copies of these 
charts, which contain a great deal of useful information 
compressed into a small space, are obtainable gratis 
on application to the firm. 





with the Chemical Engineering Group of THE Society 
or CHEMICAL INDUSTRY. Discussion on ‘* The Salvage 
of Waste Materials in the Chemical Industry,’”’ to be 
opened by Dr. A. B. Manning. 

ROYAL Society OF ARTS.—Wednesday, December 11, 
1.45 p.m., John Adam-street, Adelphi, W.C.2. Ordinary 
Meeting. ‘‘ Road Transport,” by Mr. J. 8. Nicholl. 
India and Burma Section: Friday, December 13, 1.45 
p.m., John Adam-street, Adelphi, W.C.2. ‘“ Industrial 
Development in the Indian Provinces,” by Mr. S. Lall. 

INSTITUTE OF WELDING.—Scoltish Branch: Wednes- 
day, December 11, 7 p.m., The Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow, C.2. Informal discussion on ‘‘ Fabricated 
Components versus Castings.” 


MANCHESTER ASSOCIATION OF ENGINEERS.—Saturday, 
December 14, 2.30 p.m., The Engineers’ Club, Albert- 
square, Manchester. ‘“‘ Production, Properties and Uses 
of Copper,” by Mr. H. J. Miller. 

JunNIoR INSTITUTION OF ENGINEERS.—Saturday, 
December 14, 2.30 p.m., 39, Victoria-street, Westminster, 
S.W.1. Inaugural Meeting. Short address by the 
President-elect, Viscount Falmouth. 
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STRATEGIC MATERIALS IN 


NORTH AMERICA.* 


it is sometimes difficult to realise how extensive are 
the requirements of a modern war. Mr. Paul M. Tyler, 
of the United States 
Autumn, 1940, Issue ot The H wrvard Business Re view, 
points out that “ virtually all of the 92 chemical 
elements distinguished by chemists ave used in industry, 
snd virtually the same list is employed in war as in 
peace. All metals and minerals used in products for 
the military establishments, and even those requisite 
to maintenance of the civilian population when a 
The term 
however, is restricted nowadays 
to these that not only are necessary to the conduct of 
war, but that also have to be obtained in whole or in 
essential proportions from sources outside the sphere 
It follows that the list of 
in various countries and 
Considered as an economi 
the North American continent unusually 
fortunate in regard to these strategic Its 
resources of many of the impo tant minerals necessary 
industrial vwtivity are more than 
sufficient for its requirements. The latest list of the 
strategic materials required to be secured from outside 
sources by the United States contained only 14 items, 
including und = the minerals, antimony, 
chromium, mangane mercury, mica, nickel, quartz | 
crystals, tin and tungsten. Nickel, which is one of the | 
most essential metals for armour plate and other 
munitions of war, is lacking in the United States, but | 
Canada produces a large proportion of the world output. 

\ few of the other mineral products which are lacking 
n the United States or Canada can be secured in South 
\merica. Quartz crystals, for frequency 
control in radio, telephone and other communications, 


nation is at war, have strategic importance, 


strategic materials,’ 


nation, 
strategi differs 
changes from time to time.” 
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Bureau of Mines, writing in the | of antimony in the past five years, sufficiently to offset | quarter of their requirements. 





ENGINEERING. 





T. H. AND J. DANIELS, LIMITED, 


(For Description, see page 447.) 







DEc. 6, 1940. 


CONTINUOUS CHAIN SAW. 


STROUD. 

















en lla 












— 








are obtained only in Brazil. 
these would be unlikely to exceed 50 tons a year, yet, 
without this comparatively small amount, radio com- 
munication, for example, would become almost impos- 
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The greatest demand for | extensively used, but requires mixing with fresh crude 


rubber. It is estimated that the available equipment 
in the United States, if operated at capacity, could 
produce between 125,000 tons and 150,000 tons of 


Bolivia and Mexico have expanded their output | reclaimed rubber annually, or approximately one- 


The United States 


the decline in Chinese production as a result of the | Bureau of Standards lists 29 kinds of synthetic rubbers,* 


Sino-Japanese war. 


In Canada, the Consolidated | but none of these is being produced on a large scale ; 


Mining and Smelting Company has completed a plant | the total capacity at the end of 1940 is expected to 


for the production of refined antimony from smelter} reach only 10,000 tons. 


flue dust. This plant has a daily capacity of four tons, 


Plant construction to fill 
United States requirements would take at least two 


while Canada’s normal requirements of antimony are | or three years, and require an investment of 200,000,000 


less than 500 tons per annum. 
substantial producer of mercury, one of the most 
vital strategic materials, formerly secured from Spain 


and Italy. A monthly output of some 400 standard 


Canada has become a | dols. 


The Government of the United States is building 


up reserve stocks. In June, 1939, it negotiated an 


|agreement with Great Britain for the exchange of 


600,000 bales of cotton for 85,000 long tons of rubber. 


flasks of 76 Ib. each is now being obtained from proper- | In June of this year, a Rubber Reserve Company was 


ties in northern British Columbia. 


set up, which has arranged with the International Rubber 


It is when we turn to the other strategic materials | Regulation Committee for the purchase of 150,000 tons 


in the United States’ list that we appreciate fully the 
importance of the Far Eastern situation and particu- 
larly the position of south-eastern Asia. Besides being 
the most important source of antimony, China produces 
almost half the world’s chromium, with Burma pro- 
viding an additional 15 per cent. Russia’s output of 
manganese ores in 1937 was 2,700,000 metric tons out 
of a world total of 6,000,000 tons, and British India’s 
production was in excess of 1,000,000 tons. British 
India is practically the only source of sheet mica. The 
two outstanding products of Asia which appear in the 
list of essential materials, however, are rubber and tin. 
Crude rubber is the most important single commodity 
imported into the United States, purchases being 
valued at 178,000,000 dols. in 1939. 

Although rubber is indigenous to Brazil, it has never 
cultivated any large scale in the American 


been on 


| 
| 
| 
| 
| 





tropics, and the highest total output in the Western | 


Hemisphere was 60,000 tons, in 1914. 
that the present resources could provide more than 
half that amount. New plantations would take from 
five to mature. Reclaimed rubber is 


seven Vears to 


It is not believed | 





in 1940 and 180,000 tons in 1941, to come from the 
additional production authorised by the Committee. 

Seventy-five per cent. of the world’s tin comes 
from the same corner of South-Eastern Asia that 
produces the rubber. There is, however, a substantial 
output of low-grade tin in Bolivia, which could provide 
somewhat less than half the United States’ annual 
requirements. The provision of smelters for the treat- 
ment of these ores, also lacking in the Americas, is 
under serious consideration in the United States. 
The Canadian list of mineral products not wholly 
procurable from domestic sources is more extensive 
than that of the United States, comprising some thirty 
items of greater or less importance. They include, in 
addition to those already mentioned, cryolite, fluorspar, 
certain iron ores, magnesium, molybdenum, petroleum, 
phosphates, elemental sulphur and vanadium. The 
principal Canadian supplies are secured at present from 
the United States. Deposits of most of these minerals 
are known to exist in Canada. 





* See ENGINEERING, page 316, ante, ef seq. 
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ADVERTISEMENT RATES, 
The charge for advertisements classified under the | 
Headings of Appointments Open, Situations Wanted, | 
Tenders, &c., is four shillings for the first four lines, | 
or under, and one shilling per line up to one inch. | 
The line averages six words. When an advertise- | 
ment measures an inch or more the charge is 12s. per | ===> 
inch. Payment must accompany all orders for single | 
advertisements, otherwise their insertion cannot be | EMERGENCY LABOUR 
guaranteed. Terms for displayed advertisements on | 
the wrapper and on the inside pages may be obtained TRAINING. 
on application. The pages are 12 in. deep and 9 in.| bib! , , 
wide, divisible into four columns, of 2} in. in width. | THe normal way of obtaining a skilled man in 
Serial advertisements will be inserted with all practic- the past was to take a boy of 14 or 15 and put him 
able regularity, but cannot be guaranteed. 'in the shops. Employed at first on odd jobs, 
during which he became familiar with the works 
TIME FOR RECEIPT OF ADVERTISEMENTS. | atmosphere, he passed, in due course, from simpler 
. REEF 2 ‘ . | work to more difficult, learning to use his tools 
in hasified advertisements intended for insertion ectively and finally emerging as «killed man 
later than first post on Wednesday. Alterations | This process took five years, or, in some trades, 
to standing advertisements must be received | Seven. The method is still in operation, but in 
at least 10 days previous to the day of publica- many shops modifications have been introduced by 
tion. Passed proofs must be in our hands by | setting up special departments in which a conscious 
Saturday morning, otherwise they will be /educational effort is made on the apprentices’ 
pene mengpanccal A. ~~~ = iy a |behalf. Facilities are also granted 4 athendnnae 
: |at technical classes. One result of this fostering 
Srsneeiee Fae eee Ege ee Fe | care is that a fair proportion of the brighter youths, 
All accounts are payable to “‘ ENGINEERING,” Ltd. | who profit by their opportunities, pass out of the 
Cheques should be crossed “The National Provincial | ranks of craftsmen and join those of foremen and 
Bank, Limited, Charing Cross Branch.” Post Office | draughtsmen. In some industries, in which appren- 
— = be made payable at Bedford Street. | tice tuition is highly organised, this loss to direct 
‘ ‘ | production of many of the more skilled men has 
: 7 | proved something of an embarrassment. 
In his presidential address to the Educational 
TEMPORARY ADD RESS. Science Section of the British Association last year, 
| Dr. A. P. M. Fleming stated that records for one 
For the duration of hostilities, factory, compiled over a period of years, showed 
fs . ys |that, whereas 64 per cent. of the entrants from 
the Editorial and Publishing elementary schools became artisans, less than 10 per 
business of this Journal is 
being conducted from I8 and 
20, Compton Road, Hayes, 


‘cent. of those from junior technical schools did so. 
The latter, with their initial training in workshop 
| methods, however, were the most likely to provide 
valuable recruits to the ranks of skilled labour. 
The junior technical schools are practically the only 


Middlesex. The Telephone ‘educational organisations which have ‘a definite 

. . industrial outlook. During their last two years of 
Number of ~ the Editorial |work, the pupils receive a training fitting them to 
Department is Hayes 1730, make rapid advance when they find themselves in 


practical work. 

Dr. Fleming’s address had not been delivered 
when conditions arose which have altered the whole 
industrial position. The question of a greatly 
increased supply of skilled labour rose, almost at 
once, to a condition of emergency. The matter 
was, and is, being dealt with in various ways, of 
which one of the most fruitful has been the increase 
of working hours of skilled staffs to a stage not far 

|removed from the possible limit, but which recent 
' pronouncements about Christmas holidays do not 


and that of the Publishing 

Department, Hayes 1723. The 

Bedford Street Offices are 

open on Fridays only, between 

10 a.m. and 5 p.m., for the dis- 

tribution of the current issue 
and for retail sales. 
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suggest is likely to be modified in the near future. 
Other expedients have been the transfer of labour 
from non-essential to war-time operations and the 
upgrading of such semi-skilled workers as showed 
themselves capable of undertaking more responsible 
duties. These methods have served us well, but 
the end is not yet. Mr. Bevin has stated that 
owing to the coming into preduction of new factories 
and the large call-up which the Army will make 
before next June, a greatly increased flow of new 
labour to the munitions industries is imperative. 
Mr. Bevin was referring more particularly to raw 
labour, which will be trained to the semi-skilled 
stage, but large masses of such labour cannot be 
dealt with without a background of other labour 
sufficiently skilled to assist and direct it. 

It is clear that peace-time procedure is impossible 
in present circumstances. The useful recruits from 
junior technical schools, to whom Dr. Fleming 
referred, in many cases went through a total period 
of training extending over seven years. Present 
conditions demand that a sufficiently-skilled man 
shall be produced in as many months, or an opera- 
tive in as many weeks. If one looks at the matter 
from the point of view of the production of fully- 
skilled craftsmen, it must be admitted that the 
demand is an impossible one. Fortunately, however, 
the greater part of the need can be met by men of 
a lower grade of skill. The problem is a short-term 
one, and although all that peace-time training has 
taught should be remembered, methods of a different 
type have to be adopted. It is probable that some- 
thing more may still be done by the transfer of 
men from work which, although useful, is not essen- 
tial, but the main part of the new directive force 
must be obtained by upgrading. This does not 
mean the pretence that the most promising semi- 
skilled workers are skilled men ; it merely means 
employing them in such a way that the measure of 
skill they have attained is fully utilised. 

Although every real craftsman who is available 
is wanted and we could do with more, it is fortunate 
that the upgraded labour will not be required to 
exhibit skill other than in a limited range. Over a 
large part of the field of munitions manufacture, 
products are required in very large quantities and 
it is possible for a man to acquire high skill in a 
limited branch of work, while lacking the experience 
and long practice which would enable him to 
utilise his skill on some quite different type of work. 
With much repetition, it is possible to make special 
arrangements which will enable the skill of the 
semi-skilled to be made the most of. A memorandum 
entitled “The Efficient Utilisation of Labour 
Under War Conditions,” published by the Insti- 
tution of Production Engineers, states that ‘‘ The 
objective should be to make the task fit the type 
of labour available rather than to wait until labour 
is trained to a standard suitable to handle the 
ordinary accepted layout of operation.” 

The memorandum points out that a careful 
analysis of many engineering operations will show 
that it is possible to segregate the parts of the 
operation requiring a higher degree of skill from 
those which can be carried out by lower-skilled 
labour. If this is done, the supply of skilled 
labour is, in effect, increased, since it is relieved 
from much work below its grade, and is freed to devote 
itself to matters beyond the capacity of the newly 
promoted. Most normal shop operations have been 
worked out as a result of long experience, and it is 
pointed out that this recasting, purely from the 
point of view of the skill required to carry out each 
individual portion, may well mean an increase in 
the number of man-hours required per unit. In 
terms of commercial economics, this may not be 
permissible, but in terms of war production, in 
which skill is at a premium, it is in every way 
allowable. The process is broadly analogous to 
the employment of lower-grade machine tools for 
roughing operations, and the memorandum states 
that in many cases such a sub-division has actually 
increased output. Continuing the analogy, it may 
be said that relieving the finishing machines from 
the roughing operations bas enabled them to be 





maintained in better condition, and they have 
operated with greater efficiency. 
Other useful practical suggestions are made by 








the Institution of Production Engineers, and it is 








452 


practical suggestions that the busy works manager 
now requires. They stress the importance of the 
centralised grinding of all tools and cutters. This 
is not a new procedure, but it is not always carried 
out. Its importance is obviously greatly increased 
in a shop largely staffed with men who are not 
tradesmen. The value of providing dummy setting 
pieces for roughing and semi-finishing operations, 
when handling work of a repetition nature, is also 
pointed out ; they are of value in the quick resetting 
of tools. Another suggestion is that the provision 
of a sample finished piece of work is of great assist- 
ance to up-graded tool setters, as it facilitates the 
reading of drawings and frequently eliminates 
errors and the production of scrap. A final point 
which we may quote is that planned sub-division of 
operations frequently does away with the necessity 
for large numbers of complicated and expensive 
jigs and fixtures, enabling them to be replaced by 
simpler articles which are not only cheaper in them- 
selves, but, in their turn, can be produced by a 
lower grade of labour. 

The upgraded semi-skilled, who must play such a 
large part in the running of repetition shops, must 
be obtained, in large measure, from the ranks of 
those who enter the engineering industry through 
one or other of the training organisations which 
are now in operation. Some of them, like the 
promising pupils of the junior technical schools, 
will exhibit innate ability and, profiting by what 
they learn, will quickly rise above the average and 
become tool setters or the equivalent. This will 
be all to the good. They will be lost to direct 
production, like the promising pupils in peace 
time, but this disadvantage will be far outweighed 
by their services in a grade which is more difficult 
to staff. Others will require a longer period in 
which to rise to a proficiency which will justify 
their upgrading. There is no reason to fear that a 
sufficient supply will not be available, but it is clear 
that everything possible should be done to provide 
the best deliberate training that time will allow. 
This is the purpose of the Government Training 
Centres and the corresponding work now being 
carried on in technical colleges and industrial works. 

The Ministry of Labour and National Service, 
in a recent announcement, stated that there had 
been an excellent response to the Minister's appeal 
for recruits for training, but that recently the number 
of volunteers had fallen off. As it is stated in the 
same announcement that the accommodation for 
training immediately is not unlimited, and that 
it will not always be possible to admit at once 
everyone who offers to trained, it would not 
appear that there can be any important shortage 
of volunteers, though certain localities may have 
shown some falling off. As, under present arrange- 
ments, trainees are paid during their probation 


be 


period, it does not appear likely that any serious | 
In any case, the Government | 


shortage will arise. 
has compulsory powers if it likes to use them. 


recently and there are now about three times as 
many civilians in training as in May last. 

The tuition given at the Government Training 
Centres and at the technical colleges may be com- 
pared with the education in shop methods provided 
by the junior technical schools and should enable 
trainees to become useful producers after a much 
shorter time in the shops than would be necessary 
if they entered as raw hands. The Ministry of 
Labour announcement, however, stresses the import- 
ance of increasing the amount of training on actual 
production work in industrial establishments. 
There is nothing new in such training for semi- 
skilled workers. It is usual practice. Matters are, 


however, to be carried far beyond peace-time 
procedure. In agreement with the Engineering 
Employers’ Federation and the Amalgamated 


Engineering Union, the Ministry has undertaken 
to pay such trainees on the same scale as those 
attending training centres, with the proviso that 
employers shall undertake to train both men and 
women in excess of their own needs, the surplus 
to be transferred to other factories as may be 
required. This scheme should produce very useful 
material, but will clearly throw a heavy burden on 
shop executives who, at present, probably have 
more than enough to do. 
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HENRY CORT, 1740-1800. 


In his presidential address to the Engineering 
Section of the British Association, in 1904, Sir 
Charles Parsons devoted most of his remarks to 
the subject of invention. He had had ample experi- 
ence of the difficulties of the inventor and of the 
working of the Patent Laws; he was acquainted 
with many of the foremost inventors of his time, 
and was familiar with the relation between inventors 
and capitalists ; and his address covered the whole 
field of invention, in its technical, financial and 
commercial aspects. Many inventors, he said, were 
poor men and were, therefore, dependent on others 
for financial assistance, for few inventions were 
brought into use without much experimenting ; 
but, he said, taking as the unit of value the whole 
of the money spent on all inventions, both successful 
and unsuccessful, it would not be below the mark to 
assume that the value of the benefits to the world 
have exceeded by ten-thousand-fold the money 
spent on making and introducing the inventions. 

Sir Charles Parsons’ address has been brought to 
mind by the study of the life and work of Henry 
Cort, in the paper which Dr. H. W. Dickinson read 
to the Newcomen Society on November 13, to 
mark the bicentenary of Cort’s birth. The case of 
Cort is somewhat unusual, if not unique, for he 
began as a capitalist, then turned inventor, only 
to be brought to ruin through the defalcations of 
another capitalist who had lent him money with 
which to prosecute his experiments. At one time, 
it appeared likely that Cort would reap a handsome 
harvest from his pioneering work, and it was a 
cruel stroke of fate that, through no fault of his 
own his name must be written beside those of Kay, 
Bell, Fitch, Symington, Trevithick, Sauvage, Hall, 
Argand, and the other inventors whose gifts to 
the world have gone unrewarded. 

Cort has always been a somewhat elusive figure, 
but Dr. Dickinson, with the aid of manuscripts 
preserved at the Science Library, South Kensington, 
and at Birmingham, was able to give a much clearer 
picture of Cort’s position and activities in the crucial 
years of his life. Even so, many of the usual bio- 
graphical details about parentage, birth, and 
upbringing still remain obscure. It is not certain, 
for instance, when and where he was born, although 
the year is usually stated to be 1740. His career, 
as we know it, began in 1765, when he was established 
in London as a Navy agent, with an address in 
Crutched Friars, in the city. There was a Navy Pay 
Office in the same street and the district is one 
which was familiar to the Navy in the days of 
Pepys. A Navy agent was a banker and attorney 
dealing with H.M. ships in matters of pay, allow- 
ances, prize money, salvage, etc., and Cort’s connec- 
tion with the Navy was destined to alter his whole 
career. According to the Weale MSS. preserved in 
the Science Library, in 1769 Cort married the niece 


. : | of a Mr. Attwick, who had a contract for supplying 
Government Training Centres have been increased | 


Portsmouth dockyard with mooring chains and 
other iron naval stores. Three years later, in 1772, 


| Attwick assigned his contract to a Mr. Morgan, who 


had a forge at Fontley, in the parish of Titchfield, 
2 miles from Fareham, at the N.W. corner of Ports- 
mouth Harbour. At Fontley there was water 
power for driving a tilt hammer, and a good supply 
of charcoal, and the work done at the forge consisted 
more in the remaking of old iron into new articles 
than in the production of wrought iron, which, at 
this time, came from the north of Europe. Cort 
advanced to Morgan considerable sums of money, 
but Morgan’s affairs not prospering, he took over 
the management of the concern and so, from being 
a Navy agent, turned ironmaster. He improved 
the works but, finding that still more capital was 
required, he secured the aid of Adam Jellicoe, a 
pay clerk at Portsmouth, who had acted as agent 
for him. At the same time, he took Jellicoe’s son 
into partnership. All seemed to go well, contracts 
continued to be received from the Navy Board, 
and, in 1783 and 1784, Cort took out his two well- 
known patents, in which he described the use, 
instead of the tilt hammer, of rollers with grooves 
and collars. for the production of bars, half-flats, 
etc. ; and the process for the production of wrought 
iron with the aid of pit coal, afterwards known as 
dry puddling. In neither instance can complete 
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priority be claimed for Cort, but the specifications 
of both patents are exceptionally full and lucid 
and, in Dr. Dickinson’s view, they simply capitulate 
the technique that Cort had developed at Fontley. 
However this may be, they introduced a new era 
in the history of the manufacture of wrought iron. 
A large sum of money had been expended on the 
experiments at Fontley, but Cort now appeared to 
be on the flood tide to fortune. His connection 
with the Navy Board and the Dockyards grew 
closer, other ironmasters were willing to pay 
royalties for the use of his methods, he travelled 
the country to instruct others in procedure, scientific 
men approved of what they saw, and from all sides 
came reports of the value of the innovations which 
made the country independent of Swedish iron 
except for a few special purposes. Five active years 
passed between the patent of 1784 and the crash. 
In 1789, Adam Jellicoe died and his papers revealed 
that he was a defaulter to the Navy to the extent 
of 39,6761. Unfortunately, he held Cort’s patent 
rights as a security. To reimburse themselves, the 
authorities seized the Fontley works and foolishly 
allowed ironmasters to use Cort’s methods without 
making any attempt to collect the royalties. There 
being no such thing then as limited liability, Jellicoe’s 
misdeeds involved Cort in ruin and he was left to 
face the world and to support a large family without 
resources. The rest of the story is told in Dr. 
Dickinson’s paper. The “Iron Kings” waxed 
fat, but Cort and his dependents had a hard time. 
When he died in May, 18C0, he was buried in 
Hampstead churchyard, and it remained for an 
American ironmaster, Mr. C. H. Morgan, a century 
later, to restore the tombstone and erect a bronze 
tablet to his memory. 

Cort’s improvements in the production of wrought 
iron were made at a time when the steam engine 
was being vastly improved at the hands of Watt, 
when machinery was displacing manual labour, and 
when men were either experimenting with, or 
constructing, steam boats, iron boats, locomotives, 
railroads, and iron bridges. Iron was being used 
more extensively, too, for fittings in wooden ships. 
Previously, the country’s main supplies had come 
from Sweden and Russia, but, as Dr. Dickinson 
said, Cort’s process enabled Great Britain, relying 
on mineral fuel, to advance within a decade to the 
premier iron-producing country of the world. We 
are so familiar with the names of Bessemer, Siemens, 
Martin and Thomas, and with the use of mild steel, 
that it is often forgotten that the puddling process 
of Cort was in use for more than a century, and that 
90 years after he took out his patents, there were 
over 8,000 puddling furnaces in the country. In 
1884, Great Britain produced 2,800,000 tons of 
puddled iron out of a world total of 8} million tons. 
As late as 1904, Mr. A. P. Head told the students 
of the Institution of Civil Engineers that a promi- 
nent bridge builder had informed him that most 
of the bridges supplied by his firm for London and 
20 miles round were specified to be of wrought iron ; 
and Fairbairn once remarked of Cort’s inventions 
that they “ conferred an amount of wealth on the 
country equivalent to 600,000,0C01., and have given 
employment to 600,000 of the working population 
of this country for the last three or four generations. 

A consideration of the case of Cort raises the 
question of the attitude of the State to the inventor 
through whose labour the nation has been enriched. 
In an ideal State it may be presumed that original 
creative ability would never be allowed to go 
unnoticed. Our own Civil List pensions, granted by 
the Crown, in cases of need, to distinguished writers, 
artists, musicians, scientists, or their dependents, 
are evidence of the view that the State has some 
responsibility in such matters. At one time, the 
Crown granted pensions lavishly, and there were 
many abuses. The Civil List pensions date from the 
early days of Queen Victoria. Grants by the 
Government had been made before then, however. 
Samuel Crompton, the Lancashire textile inventor, 
received 5,000/. in 1812 ; in 1802 and 1807, respec- 
tively, Edward Jenner received sums of 10,000/. 
and 20,000]. for his pioneer work on vacinnation ; 
in 1810, Edmund Cartwright received 10,0001. for 
his work on the power loom; while William 
Symington, of marine engine fame, was given two 
meagre sums of 50/ and 100/. Napoleon often 
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, : 
recognised exceptional merit, and Jacquard was| pleted. At the same time, Lord Woolton appealed 
pensioned by him. In 1834, the British Government | to those who could quickly augment their private 
appointed a committee to define the proper persons | storage accommodation to do so without delay, to 
to whom pensions should be granted ; it reported | offset as far as possible the disturbance to the 
in favour of the servants of the Crown and public, | regular flow of shipping which has resulted from 
and also of those who, “ by their useful discoveries |enemy action. In the past, food ships have arrived 
in science and attainments in literature and the | with almost clockwork regularity, and it was, there- 





arts, have merited the gracious consideration of | fore, necessary for only a limited cold-storage 
their Sovereign and the gratitude of their country.” capacity to be maintained at the ports. Largely 
In 1837, Queen Victoria was empowered to grant | due to the refrigeration industry, as Lord Woolton 
annually new pensions to the amount of 1,200I. pointed out, the people of this country had become 
From this source came the pensions enjoyed by | accustomed to a standard of feeding which would 
Dalton, Mrs. Somerville, Faraday, and Francis | have been regarded as impossible of achievement a 
Pettit Smith, of screw propeller fame. Inventors | few years ago ; but there were obvious difficulties in 
have not figured prominently in the Civil List| maintaining this standard in time of war. At first 
pensions, although, as Sir Charles Parsons said, | sight it would appear that the reduced imports of 
“they have been among the greatest benefactors | chilled meat and fruit would make the provision of 
of the human race.” The reasons for this are, | additional storage space unnecessary; but the 
perhaps, not difficult to find; but, as the Patent | evident policy is to make as many shipments as 
Office makes annually a handsome profit out of | possible, irrespective of the demand, so that if the 


stances, few of these ships are likely to be available 
in less than twelve months, for it must be remem- 
bered that the American shipbuilding industry, 
like that of Britain, has suffered severely from the 
industrial depression of recent years, and cannot 
be suddenly expanded to something approaching 
its extent at the close of the last war. Moreover, the 
new programme of warship building, lately initiated 
by President Roosevelt, is likely to tax the resources 
of skilled labour for the construction of ships and 
machinery upon which the industry can draw. 
For the time being, therefore, it is evident that the 
task of making good the losses of tonnage must 
continue to fall on the British shipyards. No 
figures have been given, other than broad genera- 
lities, for the new mercantile construction in this 
country, but it is certainly not on such a scale 
that a loss of between 300,000 and 400,000 tons a 
month can be regarded with equanimity. In the 
last war, the programme of standard-ship construc- 
tion envisaged an annual total of 3,000,000 tons, 








those who take out patents, it would seem that 
Governments would not have to look far for funds 
to recompense such pioneers as Cort, who may fall 
by the wayside. 








NOTES. 
SCHOLARSHIPS IN SCIENCE AND ENGINEERING. 


Durine 1941, the Board of Education proposes 
to offer 20 Royal Scholarships and 11 studentships 
in science, if circumstances permit. The awards 
will be made on the results of an examination, 
which will be held at the end of April, 1941, and 
the successful candidates will be admitted 
approved courses at the Imperial College of Science 
and Technology. Candidates must be British sub- 
jects who have not previously studied at the College 
or have been students there for not more than a year. 
There is no age limit. The awards are not open 
to holders of State Scholarships at the Universities 
or to recognised students at Training Colleges. The 
value of a scholarship will not exceed 100. per 
annum plus college fees. A studentship covers only 
the payment of fees. Any assistance given may be 
varied in the light of changes in the financial cir- 
cumstances of the holder or his parents. Candidates 
may enter for examination in either engineering, 
physics and mathematics, chemistry, biology or 
geology. At the same examination the Board will 
also offer eight Whitworth scholarships of 150/. per 
annum, five of which will be tenable for three years 
and three for one year. The value may be increased 
having regard to the funds available, the expenses 
of the course, and the needs of the scholar. Similarly, 
it may be reduced if the full amount is not required. 
Prizes of 101. up to a limit of 25 will also be made. 
Candidates for Whitworth scholarships must be 
British subjects and must have spent at least 
30 calendar months during ordinary working hours 
in a mechanical engineering workshop. This period 
must include not less than 12 months on fitting 
and/or erecting. The experience must be completed 
before May 1 in the year of examination. Candi- 
dates for the three-year scholarships must also be 
under 26 years of age on that date, and must not be 
full-time students. One-year scholarships are open 
also to candidates following full-time courses who 
are under 24 on May 1. Applications for admission 
to the examination must be made on forms, which 
can be obtained from the Secretary, Board of 
Education, Branksome Dene Hotel, Bournemouth, 
before January 18, 1941. Applications by candi- 
dates in Scotland should be sent to the Secretary, 
Scottish Education Department, St. Andrew’s 
House, Edinburgh, and by candidates in Northern 
Ireland to the Secretary, Ministry of Education 
(Northern Ireland), Belfast. 


CoLD-STORAGE ACCOMMODATION. 


to | 


intervals at which these shipments occur become 
too irregular, the stocks in hand will prevent 
seasonal deficiencies. Irregularity in shipment will 
not necessarily be caused by enemy action, but may 
be due to the ships which were formerly used for 
the transport of such goods being used for other 
war purposes. 
Evectriciry SuppLy IN SOUTHERN RHODESIA. 


The fourth annual report of the Electricity Supply 
Commission of Southern Rhodesia deals with the 
progress that has been made during the year ended 
March 31, 1940, with the operation of some nine 
undertakings in the colony. It appears that, in 
spite of seven months of war conditions, the sales 
of electricity rose from 30,000,000 kWh in 1938-39 
to over 60,000,0C0 kWh in the year under review. 
Of this total, 55,300,000 kWh were generated in the 
Commission’s own stations, which have a total 
installed capacity of 26,750 kW. This represented 
an increase of 130-9 per cent. over the previous 
year. The remainder was purchased from the 
municipal undertakings at Bulawayo and Salisbury. 
It is interesting to note that a very large proportion 
of the output—no less than 53,000,000 kWh—was 
consumed by the mining industry, only about 
6,000,0C0 kWh being utilised for domestic purposes. 
The report points out that the availability of a 
power supply has enabled a number of mines to 
embark on a programme of development which 
otherwise would have been impossible, and that 
the Commission’s own output, it is expected, should 
be favourably affected by this progress. Some of 
the larger mines have changed over entirely to the 
Commission’s supply, while others use it as a 
stand-by to a greater or less extent. It is not 
surprising, therefore, that many requests are being 
received for extensions to areas not yet served, 
but considerable increases in generating capacity and 
in the mileage of the transmission lines will be 
necessary before such demands can be met. As 
regards municipal consumers, it is remarked that, 
while some progress is being made by the larger 
undertakings, the field for domestic consumption 
still offers considerable scope for development. At 
first, second-hand rails were largely used for the 
construction of the transmission lines, but as the 
supply of these is running short, lattice towers 
are now being used, made from locally-produced 
steel. By the end of the year, 70 miles of 33-kV 
line, using such structures, had been erected, and 
|further progress in this direction is anticipated. 
| Wooden poles, suitably treated to resist the ravages 
| of fire and white ants, are used to support the 11-kV 


| ines. 








THE MERCHANT SHIPPING PosITION. 

The Admiralty have announced that the losses 
| of merchant shipping, as the result of enemy action, 
|amounted to 87,975 tons during the week which 
‘ended on November 24. This total comprised 19 
| British ships, having an aggregate tonnage of 75,560, 


but in practice not much more than half of this 
figure was reached. At the same time, it may be 
observed that the losses for November are still far 
below those experienced when the German sub- 
marine campaign of 1917 was at its height; and 
there is reason to believe that the economic pressure 
now being exerted on the enemy countries is more 
severe than that of 23 years ago. Taking all the 
circumstances into consideration so far as it is 
possible to do so, the situation affords no immediate 
cause for despondency, although it does call, more 
insistently than ever, for every effort to produce 
more ships, including escort vessels, and to expedite 
to the utmost the normal processes of “ turning 
round ” at terminal ports. If the time occupied 
in discharging, loading and overhauling could be 
reduced by even 10 per cent., the result would be 
equivalent to a material increase in the available 
tonnage. There appear to be grounds for some doubt 
whether the most has yet been achieved in the 
relaxation of trade union restrictions, or of the peace- 
time requirements of registration societies. Such 
rules as those regulating the employment of 
‘helpers ” in various situations are often artificial 
in the extreme, and might well be modified, or even 
ignored in many cases, by mutual consent. Simi- 
larly, there are many routine inspections carried out 
by the marine surveying organisations, which might 
be carried out at longer intervals while the present 
emergency exists. 
THE Wak IN THE AIR. 


It is announced that during November, Germany 
and Italy lost a total of 288 aircraft in action against 
this country, 209 belonging to the former and 
the remainder to the latter power. The figures 
include aircraft destroyed by the Royal Air Force 
and by ground defences of all kinds, but do not 
take into account any machines destroyed by H.M. 
ships, by armed merchant vessels, or by the Fleet 
Air Arm. This total is, of course, much less than 
the 1,109 machines brought down in August, and 
the 1,102 brought down in September, but in those 
months the days were longer and the enemy had 
not copied our policy of intensive night raiding. 
Nevertheless, they cannot be considered unsatis- 
factory, even if it be admitted that recent incidents 
at Bristol, Coventry and Southampton show that 
we have not yet solved the problem of how effec- 
tively to tackle the nocturnal raider. They become 
even more satisfactory when they are compared 
with the figures for our own ¢éasualties, which 
show that during the same period we lost a total of 
66 machines, 48 of which were destroyed over 
| Germany, enemy-occupied territory, or enemy 
| waters, and 18 in the Mediterranean theatre of war, 
| Italian East Africa and Abyssinia. The advantage 
of the Royal Air Force is further emphasised when 
ithe losses of pilots are considered. Germany lost 
| about 400 pilots and Italy about 30 pilots over this 




















An announcement was made by Lord Woolton | and three Allied ships, representing 12,415 tons ; |country during the month, while our losses were 


last week that the Government are to build twenty 
more cold-storage depots. These will be sited away 
from the ports and will be constructed to the same 


and it brings the total for the losses during Novem- 
'ber, so far known, to 323,157 tons. This is a 


| diminution in the shipping available, the seriousness 


only 25. That this disparity is causing some con- 
; cern to the enemy is shown by the fact that strenuous 
| efforts are being made in Germany to secure volun- 
teers for this dangerous occupation, a somewhat 


designs as the eight large depots now being erected, | of which is hardly cffset by the statement by the | 
| curious procedure in a country where the souls and 


although they will be of smaller size. He also 
stated that one of these large depots is almost 
ready and that the others would be shortly com- 


| Minister of Shipping, that orders for sixty cargo 
| vessels have been placed in the United States, on 
| British account. 


In the most favourable circum- 


bodies of the entire populace are presumed to be at 


| the unfettered disposal of the State. 
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BRITISH CARGO IN 
GERMAN SHIPS. 
By W. Summerriecp, M.A., B.C.L., LL.B. 


A TEst case of considerable importance to mer- 
chants and shippers who have occasion to transport 
goods in the ships of potentially enemy countries 


was taken a stage farther when the Court of 


Appeal reversed the recent decision of Mr, Justice 
Hilbery, who had found in favour of the 


defendants, Lloyd’s underwriters, with whom the | 
plaintifis were insured, in the three test cases | 


of Middows, Limited vy. Robertson, W. W. Howard 
Brothers and Company, Limited vy. 
Forestal Land, Timber and Railways Company, 
Limited vy. Rickards. The plaintiffs were British 
owners of cargoes which, at the outbreak of the war, 
were on board German ships, having been shipped 
prior to its outbreak under pre-war contracts of 
affreightment. The captains of the vessels were 
under orders from their Government to scuttle 
them, if necessary, to avoid capture, and two of 
them were, in fact, scuttled, while the third 
succeeded in reaching a German port. 

In the first case, the ship sailed from Rio on 
September 6, 1939, and was scuttled off the Faroe 
Islands on September 29, 1939, in the presence of a 
British warship. In the second case, the goods were 
shipped for carriage from Bremen to Cape Town, 
which the vessel would normally have reached on 
September 12, 1939; she arrived at Las Palmas 
on August 29, 1939, and then sailed for Vigo, where 
she arrived on September 1, 1939; she left Vigo 
on February 10, 1940, and reached Hamburg on 
March 5. In the third case, the goods were shipped 
(in a German vessel) for carriage from Bunbury 
(Australia) to London, which the vessel would 
normally have reached on September 16, 1939 ; 
she passed the Cape of Good Hope on August 18, 
1939, and took shelter in Bissao, Portuguese Guinea, 
on September 6, 1939, leaving there on October 13, 
1939. She was scuttled on October 16, 1939, in 
the presence of a French warship. 

The three owners, having thus lost their cargoes, 
claimed under their insurance policies. Many 
cargoes have been lost or detained, of course, by 
this procedure of the German Government, which, 
from August 16, 1939, took control of all German- 
owned merchant shipping. Considerable cargoes 
have also been detained in German vessels which 
took refuge in neutral ports, in respect of which 
legal proceedings have been undertaken in neutral 
countries ; the London Chamber of Commerce was 
able to report recently that, during the past year, 
it has succeeded in securing the release of cargoes 
to the value of 879,852/. When Italy entered the 
war she seized cargoes lying in her ports and in 
those of the Italian colonies to the value of 
1,200,0001.; others, valued at 1,226,869/., were 
lying in other neutral ports, and of this amount, 
some 347,017/.-worth still remains to be recovered. 
Shipowners have required to be paid, in respect 
of port of refuge expenses, from 5 per cent. to 
20 per cent. of the values of the cargoes. Legal 
proceedings initiated in Japan have proved 
unproductive. 

The defences raised by Lloyd's underwriters 
comprised the following propositions: (a) the 
insurance policies became void on the outbreak of 
the war, as covering cargoes in enemy ships; (b) a 
breach of the warranty of legality occurred, because 
the enemy ships were seeking to evade the British 
blockade ; (c) the insurance cover was terminated 
by the German ships having abandoned their 
voyages; (d) there had been ‘ frustration,” and 
by the terms of the policies, claims arising from 
‘frustration’ could not be entertained. The 
Gierman Government, in the view of the Court of 
Appeal, acting through the masters of the ships 


as its agents, had been guilty of “ converting ” the | 


cargo, by obtaining and retaining the goods of 
British owners. To constitute a ‘“ constructive 
total loss "’ within the meaning of the Marine 
Insurance Act, 1906, it was not necessary to show 
a loss of the venture. Section 60 of that Act 
defines 


‘subject to any express provision in the policy ” 
if the subject-matter insured is reasonably aban- 





Kann, and 


constructive total loss" as occurring | 
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| doned on account of its actual total loss appearing 
|to be unavoidable, or because it could not be 
preserved from actual total loss without an expen- 
diture which would exceed its probable value after 
the expenditure had been incurred. The Section 
goes on to define 


|the assured is deprived of his goods (or ships) by 
|a peril insured against, and it is unlikely that he 
can recover his property, or the cost of recovering 
| would exceed the value of the property when reco- 
vered ; (2) when a ship is damaged and the cost 
|of repair would exceed the value when repaired ; 
|(3) when goods are damaged, and the cost of repair 
plus the cost of forwarding to their destination 
would exceed their value on arrival. 

In these test cases, proceeded the judgment of 
|the Court of Appeal, the insurers could not rely 
lon the “frustration free ” clause of their policies, 
| because exemption from liability under it was 
| available only if there was a loss of the insured 
| voyage. Their other grounds of defence, accord- 

ingly, raised for the most part only secondary 





| issues of no material import. 
usual Lloyd's form, included the Institute War 
Clauses together with a clause “‘ Including damage 
by hook, oil, sweat, heat, fresh water and other cargo 
(liquid or solid), theft, pilferage and non-delivery,” 
and they were warranted free of any claim based 
upon loss or frustration of the insured voyage or 
adventure caused by arrests, restraints or detain- 
ment of kings, princes or people. 
Appeal granted leave to appeal to the House of 
Lords. 








SPECIFIC SPEED OF PUMPS AND 
TURBINES. 


To THe Eprtror oF ENGINEERING. 


Sin,—Mr. J. R. Finniecome., in his two contributions, 
has widened the scope of the discussion from that 
originally intended to an analysis of the relation between 
specific speed and the various representative dimensions 
and velocities of the turbo-machine. It is also well 
known that the optimum efficiency of a series of 
machines is a function of the specific speed and some 


make some remarks on the general form of non- 
dimensional quantities. 

It is to be deplored that Mr. Finniecome uses a non- | 
dimensional form of specific speed which contains 
inconsistent units. Thus his volume rate and gravita- 
tional acceleration contain the second as the time 
unit, while the rotational speed is in revolutions per 
minute. This is directly opposed to general usage in 
other fields, and in any case appears illogical. However 
much, on the score of convenience, the use of incon- 
sistent units may be condoned in general practice, the 
members of the closely-knit family which constitutes 
a non-dimensional group should certainly be consistent. | 
If they are not, then the group is not self-contained ; 
it requires an external conversion factor to enable it | 
to be a complete part of a physical equation. If non- 
dimensional groups are to become generally used in 
the technical literature on turbo-machinery, then it 
cannot be too strongly emphasised that self-consistent 
units should be employed from the very beginning ; 
if not, chaos will result, and the beauty and utility of 
the system will be lost. It was the multiplicity of units 
used in the calculation of specific speed that prompted 
the writer to call attention to the self-consistent non- 
dimensional form, and because of its uniqueness in this 
respect to suggest that it be used as a “ master value.” 
| A non-consistent non-dimensional form would not be 

unique. 

The derivation of the formule given by Mr. Finnie- 
jcome becomes immediately apparent when specific 
}speed is split up into its simpler non-dimensional 


components. 
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| where f is the area of the exit annulus of a pump, |— 


76bdnearly. In Mr. Finniecome’s notation 
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‘constructive total loss” in | 
| three particular classes of circumstances : (1) where | 
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It is not difficult to carry this a stage farther and 
| write n, approximately in terms of the ratio of the 
inlet and exit diameters, and the hydrodynamical 
| angles of inlet to, and exit from, the impeller. When 
this is done it will be realised that for a given specific 
| speed a large variety of designs could be produced. 
| the efficiency of the resulting pumps, however, will 
| vary, and the condition of maximum efficiency will 
| effect an optimum relation between , and its com- 
; ae, h 
| eae ee anc ae 
| found will be a function of n,. Sherwell and Penning- 
ton,* and Daughertyt+ have given curves indicating that 
| the efficiency first rises and falls at high specific speeds. 
The writer has elsewhere put forward approximate 
formulet which agree with these curves and which 
suggest that, as pump efficiencies increase, the improve- 
ment will be more marked at high specific speeds. 
Yours faithfully, 
J. JENNINGS. 
| Aston Technical College, 
Birmingham, 6. 


| and 
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The maximum efficiency thus 








| POWER AND COMBUSTION.S§ 
By Prorressor A. C. G. Eoerton, M.A. 
(Continued from page 425.) 


Tue bearing of photosynthesis on power is obvious. 
The vegetable origin of coal is certain; the origin of 
oil is almost certainly also mainly vegetable. The 
process of formation of the stores of fuels has gone on 
in most of the great geological periods, and it is no 
doubt being repeated to-day where masses of water- 
logged vegetable debris are decomposing under bacterial 
influence. In carboniferous times, when alternate 
subsidences and re-elevations occurred, conditions were 
very favourable to the formation of coal by the action 
of the pressure of the superincumbent deposits upon 
| the residues of the luxuriant vegetation of the primeval 

forests and swamps. The decrease in oxygen and in 
| hydrogen relative to carbon, as one ascends the series— 


discussion on this point may be of interest. Before | peat, lignites, sub-bituminous, bituminous, and anthra- 
embarking on this, however, the writer would like to | cite coals—indicates a common nature of the process 
| of formation (Table 1). 


There is some similarity in the formation of petro- 
leum, but it originates almost certainly from marine 
deposits rather than from forest swamps. The seashore 








TABLE I.—Results of Analysis of Typical Fuels. 
Carbon, Ratio, Ratio, Per Cent. 
Per Carbon Carbon Volatile 
Cent. | Hydrogen| Oxygen | Substances 
“ i ; ‘ = 
Wood ‘ .-| 50 | 8-3 1-18 =| 75 
Peat 60-3 | 11-0 | 1-87 | 65 
Lignite .. , 73 13-3 | 3°65 | 47 
Sub-bituminous 75 12-5 4-52 45 
Bituminous 84-7 16- | 10-6 | 33 
Semi-bituminous 84 } 17-9 | 16-1 20 
Anthracite . 92 30-8 23-0 7 


muds, sands, and calcareous deposits contain organic 
matters enriched by alge. In course of time, these 
form the sedimentary clays and limestones, dolomites, 
and sandstones in which the oil is produced by some 
process the nature of which is not perfectly known. 
If it can do so, the oil passes through the porous 
strata and collects when it reaches impervious rock. 
Down and Himus have recently classified the oil 
shales and cannel coals in a scheme which brings them 
into relationship with the bituminous coals, using the 
solubility of the organic constituents, the nature of 
the plant constituents, and the mineral matter to 
specify the products. This is very desirable, as much 
confusion of nomenclature has arisen in this subject. 
Methane is always formed in the process of coal and 
oil formation, and ‘natural gas,” which is often 
associated with petroleum, exists in vast quantities. 


| Though estimates have been made to fair depths, there 


is no telling what is the complete extent of the vast 
| Stores of energy in the form of coal, oil, and carbonaceous 
* Proc. I. Mech. E., 1932-33, page 625. 
+ Hydraulic Turbines with a Chapter on Centrifugal 
Pumps, McGraw-Hill, 1920. 

t The Engineer, vol. 169, page 519 (1940), and vol. 170, 
page 76 (1940). 

§ The 27th Thomas Hawksley Lecture, delivered before 
The Institution of Mechanical Engineers, on Friday, 
Abridged 
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shales, etc., neither is it easy to estimate from the 
known botanical and geological data the comparative 
rate of conversion of the solar energy into those stored 
products in the course of ages. The world reserves of 
coal were estimated in 1913 down to 6,000 ft., and 
found to be between 7 x 10% and 8 x 10" tons, of 
which about 60 per cent. was anthracite and bitu- 
minous. A better estimate has not yet been made and 
it should be taken as very elastic. 

The following figures give some idea of the amount 
we rely on these stores of energy. Probably not much 
more than a thousand times the following quantities 
are easily available :— 

Approximate World Use of Coal and Oil (1937). 
Tons per 
Annum. 
Coal ... a on os ee » 1,450 x 10% 
Petroleum . ae “a 276 x 10° 
Natural gas (calculated as CH,) 55 x 10° 
Every year a mountain of coal, nearly as big in 





volume as Vesuvius, is burnt, and the consumption of 










| 
calorific value of representative products, an idea can | 
be got of the energy assimilated. The British Empire | 
is fairly representative of the land surface of the | 
globe, and its unproductive areas are either desert or | 
in equilibrium. One eventually arrives at the figure for | 
energy assimilated, 3 x 10'* cal. per annum, This is | 
probably an under-estimate, but appears to be of the | 
right order when compared with the ocean’s contribu- 
tion, and with the efficiency with which the plant 
utilises solar radiation. A total, 1-7 x 10 cal. per 
annum might be tentatively assumed. The energy | 
corresponding to the estimate given of the reserve | 
of coal is 4 x 10% cal., which is about 1,000 times | 
the total energy fixed by land plants from sunlight 
every year. The fraction of the latter which is stored 
away in the earth is very small ; even if it were less than 
one-millionth part, appreciable storage could be effected 
in geological periods. Nevertheless, we are using up 
in 10° years what it probably took at least 10’ years to 
produce. 
Some mention should be made of the partially stored 
products such as peat, or of the more recent growth 
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Ra.3 such as wood, dried turf, and grass. Air-dried peat 
I - has a calorific value rather less than half that of bitu- 
minous coal; it has about half the density. It can 
| be obtained without much expenditure of energy or 
og sing l— |_| labour, but there are difficulties in drying and transport 
of the wet material, and these mitigate against general 
| use in competition with coal. Similar reasons apply 
in the case of forest products, and still more so in the 
case of harvested products, where the area of land 
2 Ape : | — | from which a given amount of energy can be collected, 
D | even with such crops as sugar cane in the tropics, is 
3 2 Cool Flames large in comparison with the yield of energy per man- 
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oil is a river with a flow equal to that of the Thames 
in summer. The rate at which coal is used does not 
vary much from year to year, whereas the use of 
petroleum increases constantly. Huge as our stores 
of fuel are, they represent such a small fraction of 
the total radiant energy received during the period in 
which they were put by, that the processes of formation 
and storage make little difference, and probably have 
made little difference in the past, to the total heat 
balance of the natural engine. It may be that a 
minute change of temperature is brought about by 
the transference and storage of plant products in the 
earth, but most of the plant life is reoxidised in one 
way and another and the energy returned to the 
atmosphere. 

Perhaps a reliable estimate is available of the amount 
of solar radiation which is assimilated by plant life 
over the whole surface of the earth; if it is, I have 
not found it, and perhaps I may make a very rough 
estimate. It has been stated that the amount of 
plankton formed in the seas and oceans amounts on 
the average to about 10 tons per acre of the sea’s 
surface per season, which means an assimilation of 
energy about 1-5 x 10” cal. per annum, and is probably 
an over-estimate. One can also get figures of the 
produce of the land from all parts of the British 





Empire. About 22 per cent. of the total area is pro- 
ductive. From rough figures of average yield and | 


hour obtainable from coal or oil. Nevertheless, over 
50 per cent. of the product of the world’s forests (which 
is 56 x 10° cub. ft.) is burnt as firewood, which corres- 
ponds to 0-16 of the energy of the total coal burnt. 
The inroads on the reservoir of energy that the forests 
represent are very serious and it is stated that 30 per 
cent. of the total timber cut is not replaced by new 
growth, although in some countries the forests are so 





managed that this is no longer the case. Taken the 
world over, the position is unsatisfactory ; even nature’s 
recent stores are robbed faster than they are replaced. | 

It will be noticed that the rate at which coal and oil | 
are being used represents an appreciable consumption 
of energy compared with some of the natural supplies. | 
A thousand years is not a very long period of history : | 
difficulties would commence before that period is up. | 
When the stores which we are using are depleted | 
civilisation as we know it would be hard put to to/| 
derive sufficient power from the wind, the rivers, the | 
lightning, and the tides. The remedy will perhaps | 
be found through a closer understanding of the processes 
employed by the plant cell; improved forestry and | 
cultivation will go some way to help. The original | 
heat in the earth and in the atom are as yet unmolested | 
stores. 

We are ready now to summarise all our estimates of | 
the earth as a power station, and this has been done | 
in Table II, on this page. Fig. 2, herewith, merely | 
brings into one picture the various sources of power | 
which we have discussed. The section shaded with | 
broken vertical lines indicates those physical sources | 
dependent on solar radiation. These sources are 
utilised mainly by means of hydro-electric stations, | 
but there are many other ways, such as windmills 
and water mills. The section shaded with full hori-| 
zontal lines indicates, in non-botanical language, the ' 


sroducts of photosynthesis. The section shaded with 
oroken horizontal lines indicates those products which 
have gradually been stored in the course of ages, 
On the left-hand side of Fig. 2 are the secondary 
products and fuels: the animal products, the cellulose, 
starch, and sugars which can be converted to alcohols 
and ketones, the vegetable oils, resins, etc., the wood 
products which provide charcoal, methy! alcohol, etc., 
the coals which can be carbonised to gas, and coke 
and tar, and all the range of aromatic products. Then 
there are the products of the oil refineries and the great 
ali-cycljc chemical industry which has recently arisen 
from them. Fuels are used directly for providing heat, 
and through this heat of combustion, power ; indirectly 
they provide the energy needed for the winning of 
metals, the baking of bricks, lime, and cement, and 
other products of industry. 

Comparing the two main sources of power—hydro- 
electric power and power from stored fuel—hydro- 


TABLE II.—Summary of Power Sources. 
Power, h.p. 


Solar radiation ... = “aa ed 5 x 10% 
Solar radiation received by earth’s 

outer atmosphere... ed “ 2-3 x 10% 
** Effective inflow ” of solar radiation... 1-3 x 10% 


Power dissipated by tides se ... 1:5 x 10° 
Power dissipated by lightning . From 1 x 10° 
to 2 x 108 
Rough estimate of power corresponding 
to radiant energy assimilated by 
plant life ee *s 


‘ ewe ; 3 x 107°(9) 
Power corresponding to present rate of 


use of coal and oil we .. 2°0 x 10° 
Estimated potential hydro-electric 
power ... oo was nel ; 3-2 x 108 


electric power accounts for 30 million h.p. (i.e., 1-7 x 
10?” cal. per year) and coal and oil together for 1-3 x 
10° cal. per year; or roughly, hydro-electric power 
amounts to only 1} per cent. of the world’s utilisation 
of energy. The great advantage of coal, and parti- 
cularly of oil, is that the energy can be transported 
where it is needed, while electric power is at present 
limited in its range of distribution from the source. 
There is in fact no counterpart to the coal truck or oil 
tank. No convenient way is known by which to 
store electric energy except by means of secondary 
cells in which so much deadweight has to be trans 
ported. 

Statistics are not available to give an accurate idea 
of the amount of coal, oil, and natural gas apportioned 
for the provision of power and the amount apportioned 
for the provision of heat. Ten years ago I made a 
rough estimate of the continuous power in use in 
Great Britain averaged throughout the year :— 


Horse-power. 


Electric power (generating stations) ... 2 x 10° 
Railways =e ii. 26:30:00* 
Roads 14 x 10° 
Shipping oe PP bed ecw 20 x. 10° 
Industry dai = dis cuss & 06-2 


This means that a little less than 1 h.p. is in use per 
insured worker. Most of the power comes from the 
burning of coal, some from oil, and a very little from 
hydro-electric sources. The total is probably not far 
wrong, for if one-third of the energy of, the total home 
consumption of coal is used for power generation, and 
is added to the energy of the oil consumption, and the 
mean efficiency of power generation is taken to be 
14 per cent., we likewise arrive at a figure of about 
1 h.p. per insured worker. The amount of the total 
mechanical and electrical power produced and utilised 
throughout the world is of the order of 108 h.p. It 
would be interesting to compare this with the total 
mechanical power exercised by all the workers of the 
world and their assistants—horse and oxen; but one 
is at a loss to know what this figure may be. In Great 
Britain it is perhaps between 10° and 10° h.p., and 
for the whole world not less than 10? h.p. Engineers 
have spent much trouble in getting as much power as 
possible out of fuel. These efforts have been en- 
couraged by competition between the various means 
of generating power. To illustrate the great improve- 
ment made in efficiency, one has only to cite the 
statement that if coal was burnt in the power stations 
of Great Britain in 1937 at the same efficiency as in 
1910, the consumption of coal would have been 


| 29 million tons instead of only 11 million. 


For a long time after Heraklitus, fire was looked on 
as an element ; but Hooke (1665) first saw the truth 
when he described ‘‘ that shining transient body which 
we call Flame ” as “ nothing else but a mixture of air 
and volatile sulphurous parts of dissoluble or com- 
bustible bodies which are acting upon each other 
whilst they ascend.” Nowadays we should say: Fire 
is the maintenance of incandescence at the surface of 


|a solid by the heat evolved in the combustion of the 


gases generated at the surface, or (what is not quite the 
same thing) by the combustion of the surface atoms 
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and their removal as gaseous products at high tempera- 
ture. A flame is a gaseous mixture undergoing luminous 
combustion. A flame may contain solid particles 
raised to incandescence by the heat of the products of 
combustion, or there may be a “ cool” flame, a chemi- 
luminescent effect, occasioned by partial combustion. 
For a long time we have known all about the pro- 
ducts of combustion. We knew the gross effects of the 
reactions, the pressures developed, the limits of com- 
combustion, the velocity of the flames, etc., but we 
still did not know how the reactions were taking place. 
To find out the mechanisms of reactions—how vapours 
decompose, how oxygen reacts with carbon or carbon 
monoxide, how chlorine combines with hydrogen, how 
hydrocarbons burn—has caused much activity in 
chemical research in recent years. If we cannot 
unravel the mechanism of such reactions we can little 
hope to deal with the more complicated oxidation 
processes, like those associated with the plant cell. 
In so simple a reaction as the oxidation of carbon, the 
mechanism, and even the nature of the primary pro- 
ducts of attack, are only partially known. In the region 
400 deg. to 500 deg. C., something has been learnt as 
the result of the researches of Hinshelwood and his 
associates, Apparently the oxygen directly attacks the 
crystalline carbon surface, and forms relatively stable 
surface complexes of carbon and oxygen; some of 
these complexes can resist a temperature of 1,100 deg. C. 
before being broken up. At certain favourable regions 
of the carbon lattice, perhaps in between the lattice 
planes, the oxygen forms a particular intermediate 
compound with the carbon to give carbon dioxide 
only, which then leaves the surface. Thus the first 
would be carbon dioxide and not carbon 
Above 510 deg. C., it appears that carbon 


product 
monoxide, 


burns to give both these gases, but there is as yet no | 
the detailed work | 


precise knowledge of the process ; 
of Sihvonen and of Mayer is not in agreement, and 
further research is needed. 

Carbon dioxide is a “ straight molecule " (O=C=OQ) ; 
the oxygen and the carbon are “in line,” but the 
spectrum of burning carbon monoxide is characterised 
by a very large number of bands, the origin of which 
has not yet been definitely decided. Carbon monoxide 


when completely dry can be burnt to CO,, as Professor | 


Bone showed in an exhaustive series of experiments, 
but the combustion is greatly facilitated by the presence 
of water and the OH band is then prominent in the 
spectrum, The exact mechanism of combustion at high 
temperatures is difficult to establish ; 
the emission spectra, the structure of flames, and the 
products as a guide, but at lower temperatures (below 
the region of ignition) the reactions are slowed down 
and it is possible to study them in greater detail. The 
results obtained with carbon monoxide are, however, 
not easy to interpret, and even the slow combustion 
of hydrogen in oxygen is quite a complex process. 
There are three stages in combustion : the slow reaction 
before ignition, the ignition itself, and then the reaction 
in the flame. 

A hydrogen-oxygen mixture run an empty 
heated silica vessel will only explode when a certain 
low critical pressure is reached ; it continues to explode 
above such pressure until, again beyond a certain 
upper critical limit, the mixture no longer ignites, 
although the pressure is greater, but simply reacts 
without igniting. It has been found that these results 
have an interpretation if the reaction is considered as 
a “ chain reaction.” 

When the free but short-lived radicals OH o1 H 
meet the molecules of hydrogen or oxygen, they 
propagate the reaction, giving H,O and oxygen atoms, 
which, unleas destroyed, can give rise to OH and H, 
and so to new chains; and thus, by rapid develop- 
ment of the reaction, ignition is brought about. The 
lower limit below which explosion does not occur is 
due to destruction of the radicals at the walls of the 
vessel, which they hit before hitting another molecule ; 
and so the chain is stopped and ignition _—— 
The upper limit is due to a triple collision of an active 
radical with other molecules in the gas mixture, 
which likewise breaks the ch.in. The important point 
to recognise is that ignition may not only be a thermal 
process which occurs when the heat gain due to reaction 
surmounts the heat loss, but it can also be due to 
“ branching’ which can give rise to extra radicals 
and therefore to the propagation of more chains of 
reaction. The reaction then “ runs away with itself” 
and ignition occurs. Passing now to the hydro- 
carbons, we again come across, with methane, the limit 
phenomenon occasioned by pressure; there seems to 
be little doubt that the reaction proceeds by a chain 
mechanism. Furthermore, the slow reaction of methane 
in silica vessels can be interpreted in terms of a chain 
reaction. 

The mechanism of the slow combustion of hydro- 
carbons is rich in interest, but we will mainly discuss 
their ignition. Some fifteen years ago our experiments 
indicated that peroxides played a promineht part in 
hydrocarbon oxidation, and at about the same time, 
Callendar and Mardles, and Moureu, in France, came to 


into 
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a similar conclusion. Bone held tenaciously to the 
view that the oxidation of a hydrocarbon proceeded 
through the alcohol in successive stages of hydro- 


xylation, and was opposed to a peroxide being con- | 


sidered a necessary step in the oxidation. He brought 
forward quite strong evidence in support of his views. 
For instance, Dr. Newitt showed that as the pressure 
was increased, larger quantities of alcohols were found 
in the products of combustion of methane and ethane. 
As the time went on, the role of the peroxides became 
clearer. 

It has been known for some time that the hydro- 
carbons, except for methane, can give rise to a strong 
glow or cool flame at quite low temperatures ; Prettre’s 
results (Table III, herewith) illustrate this. 


-Ignition of Hydrocarbons (One Atmosphere 
Pressure). 


TABLE III. 














, , oie Lower Higher 

Vapour | Luminescence. Ignition. Ignition. 
Deg. C. Deg. C. Deg. C. 
Methane 740 770 
Ethane 380-410 660 
Propane 265-305 -_ 672 
Pentane 221-240 681 
Hexane 220-244 672 
Heptane 210-233 695 
Octane 200-220 | 684 





and his associates at South Kensington found that on 
increasing the temperature at a given initial pressure 
a region of slow reaction is first formed, then ignition 
occurs, then again above this temperature only cool 
flame would appear; still further above this, there 
would be slow reaction, until at a high temperature 
true ignition takes place again. With oxygen mixtures, 
these ignitions occur at lower pressures, but the same 
features make their appearance (Fig. 3, page 455). 
(To be continued.) 








GAS TRACTION DEVELOPMENT. 


THe Gas Traction Development Committee was 
formed in October, 1939, with the following terms of 
reference :—‘‘ To investigate the sources and supplies 
of gaseous fuels in Great Britain and to make the 
information available in such a form that these gaseous 
fuels can be exploited in war and in peace thereafter.” 
The Committee consists of Mr. J. Arthur Greene, late 
H.M. Petroleum Research Department (chairman) ; 
Mr. G. M. Glass, nominated by Messrs. Harland and 
Wolff, Limited, Belfast; Mr. J. Alsop, nominated 
by Messrs. Firth, Blakeley Sons and Company, Limited, 
Church Fenton, Leeds; Mr. S. G. Watson, nominated 
by Messrs. W. C. Holmes and Company, Limited, 
Huddersfield ; Mr. H. V. Senior, nominated by Messrs. 
Engineering Company, Limited, 
Loughborough ; Mr. C. Ridley, nominated by Messrs. 
Ford Motor Company, Limited, Dagenham; Mr. J. 
Orme, nominated by Messrs. National Gas and Oil 
Engine Company, Limited, London, E.C.2; and Mr. 
E. H. Cunningham Craig, F.R.S.E., F.G.S., honorary 
technical with Mr. C. Ridley as honorary 
secretary, protem. In an interim report, dated Septem- 
ber 19, 1940, the Committee examine more particularly 


adviser, 


the possible use of methane as a fuel for internal- 
combustion engines. An abridgment of the report is 


given below. 

As the war develops, it is evident that greater 
demands will be made upon petroleum supplies, which 
have to be imported, so that any fuel substitute which 
can be made available in this country ought, in the 
opinion of the Committee, to be investigated with a 
view to its immediate development. The work under- 
taken by the Committee divides itself into two parts : 
(1) resources available ; (2) the manner in which such 
resources can be utilised. It should be noted that 
this is an interim, or progress, report, and it is in no 
sense intended to be final, nor is its object to suggest 
that any one form of gaseous fuel is necessarily superior 
to another. The object is to present the evidence so 
far obtained, and to establish a starting point for more 
extended work and practical development. 

While this report deals very largely with methane, 
this is not the only form of indigenous gaseous fuel 
which is, or can be rendered, available, for use in internal- 
combustion engines. Large quantities are, however, 
immediately accessible, of which, up to the present 
time, no use has been made. In internal-combustion 
engines it gives greater efficiency than petrol, and there 
are no greater technical difficulties than in the case of 
coal gas or its derivatives. The supplies of methane 
are much greater than has hitherto been assumed. 
It has been believed that sewage works, using digester 
plant, are the only readily available source of this 
gas, but our investigations show that, although capable 


‘of immense development, it is at present the least 
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important of the individual sources. The quantitive 
| resources may be tabled as follows: (1) coal mines; 
| (2) coke ovens; (3) natural gas; (4) sewage works. 
The quantity of methane which is available in coal 
| mines is variable. A few collieries have ‘ blowers,” 
| from which there is an issue of upwards of 500,000 cub. 
ft. of very pure gas per day. The analysis of the gas 
at one of these collieries is :—methane, 98-04 per cent. ; 
carbon dioxide, 0-95 per cent. ; oxygen, 0-10 per cent. ; 
nitrogen, 0-90 per cent.; and carbon monoxide, 
0-0015 per cent. The colliery from which this gas 
| analysis was made has an issue of upwards of 500,000 
cub. ft. per day. Several collieries have an issue exceed- 
ing 250,000 cub. ft. perday. Itis estimated that, of our 
operating collieries, more than 500 have an average 
| ventilation of 100,000 cub. ft. per minute, containing 
0-25 per cent. CH,. In one year, a group of five 
collieries in South Wales discharged nearly one thousand 
mill-on cub. fe. cf gas. By converting this by com- 
pression to its equivalent in petrol, it equals, approxi 
| mately, seven million gallons. Consideration of the 
| general technique of bringing the gas to the surface 
|is at present the subject of investigation. Although 
| some collieries can raise the gas to the surface with no 
| difficulty, at the majority, where it is at present diluted 
}and blown to waste, there are engineering problems 
| with which to contend, but these do not present 
| insurmountable difficulties. 

There are more than 1,000 coke-oven installations in 
| operation. The quantity of CH, available from this 
| source, and at present wasted, is estimated at 10,000,000 
cub. ft. per day. The composition of the gas yield 
| varies considerably, but the following analysis is of 
interest :—methane, 31-85 per cent.; hydrogen, 
53-90 per cent. ; illuminants, 3-04 per cent.; carbon 
monoxide, 6-72 per cent.; nitrogen, 2-34 per cent. ; 
oxygen, 0-27 per cent.; and carbon dioxide, 1-88 per 


cent. 

Very. large supplies of natural gas are available 
}in this country. The drilling at Dalkeith, near Edin- 
burgh, has a yield of upwards of two million cub. ft. 
| per day, and it is considered probable that this will be 
maintained for many years to come. Indications of 
| the pressure of similar gas in several other localities 
have been observed, and sites for drilling mapped. 
Samples of the gas have been secured from various 
sources and the following may be accepted as an 
average analysis: methane, 80-5 per cent.; ethane, 
18-0 per cent.; hydrogen, 1-2 per cent.; oxygen. 
|}0-2 per cent.; and carbon dioxide, 0-1 per cent. ; 
carbon monoxide, nil; sulphuretted hydrogen, ni! ; 
sp. gr. (60 deg. F.) 0-6575. Calorific value = 1,140 
B.Th.U. per cubic foot. 
| There are at present four sewage works in the London 
area now producing methane, the aggregate quantity 
being 2,000,000 cub. ft. per day. The analysis of the 
washed gas is: methane, 95 per cent. ; carbon dioxide, 
4 per cent. ; other mixed gases, 1 percent. Unwashed : 
66 to 69 per cent. ; 30 to 33 per cent. ; and 1 per cent., 
respectively. Of the amount produced, the greater 
portion used direct in stationary engines, the 
remainder being surplus and wasted. Five other 
sewage works have digester plant installed, and eight 
others had decided upon its introduction at the outbreak 
of war. The amounts of gas at present utilised as a 
substitute for petrol or Diesel oil, by the four existing 
works alone, are not insignificant. At the Mogden 
works, there is an available surplus of 150,000 cub. ft. 
of methane per day, or the equivalent of 700 gallons of 
petrol. Arrangements are being made to dispose of 
this locally in compressed form. If a price of 2s. per 
petrol gallon equivalent is realised, this would amount 
Figures relating to daily 


is 


to 25,000]. per annum. 
production at the outbreak of war are given as follows : 
Produced. Used. Surplus. 
Mogden 1,350,000 1,100,000 250,000 
Croydon 300,000 300,000 
Dagenham 90,000 10,000 80,000 
Sutton 70,000 20,000 50,000 
The utilisation of the gas introduces economic 


considerations of importance. It can be, and is, 
utilised “‘as it comes” with its impurities of other 
gases, uncompressed, and in stationary engines direct, 
At one of the sewage works it has been so used with full 
efficiency for three years and without any deleterious 
effect on the engines. The direct saving in fuel costs 
is apparent, as the cost of piping the gas is trivial. 
This practice is now in vogue at Mogden, Dagenham 
and Sutton. The Committee is satisfied that the use 
of methane, where it is available in situ, for motive 
power, introduces great economies in fuel consumption 
and fully justifies the installation of equipment for this 
purpose. If the fuel cannot be used at the point of 
origin and has to be transported either to stationary 
engines or to provide the motive power for vehicles, the 
gas can be supplied (a) direct to the vehicle into a 
balloon affixed to the roof; (b) it can be compressed 
into cylinders. It has not been found that methane 
has. ever been used to fill balloons for vehicles or other- 
wise. Coal gas is used for this purpose, but not 
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efficiently to any great extent. The system has many 
disadvantages. Balloons are clumsy and increase the 
height of the vehicle; a lighted cigarette or match 
might bring about disastrous results. On account 
of its size, a balloon holding more than the equivalent 
of two gallons of petrol is impracticable. The cost 
of the balloon equipment was, pre-war, about 251. 
Wear and tear is considerable. 

It is possible to convey large quantities of compressed 
gas in cylinders in relatively small volume. The gas 
compressed will give, approximately, 140 cub. ft. to 
the gallon petrol equivalent. The following is the 
costing of a scheme to use a 98 per cent. pure methane 
at a colliery, the figures being calculated on pre-war 
prices. The scheme is intended to deal with 250,000 
cub. ft. per day, and is calculated on the basis of 320 
days per year. Three sets of motor-driven 100-cub. fe. 
per minute compressors, complete and erected on 
foundations, with three pairs of 19-cub. ft. water 
capacity storage accumulators, having free gas capacity 
of 6,300 cub. ft. each at 5,900 lb., compressing station, 
buildings, ete., and, say, 10 per cent. for contingencies, 
would cost 10,780/. 

Interest at 5 per cent. would be 5391. ; power charges, 
750,000 kWH at, say, 4d. per unit, 1,250/.; one foreman 
(4U0/. per annum) and six men (each, say, 2U01. per 
annum), 1,600/.; and oil, waste, stores, cooling water, 
etc., 2501. For the purpose of illustration, assume the 
plant at a life of three years. The throughput of gas, 
compressed to 20 per cent. less than full capacity, would 
be 192,000,000 cub. ft., equal, at 140 cub. ft. per equiva- 
lent gallon petrol, to 1,371,400 gallons. 

The total costs would be: capital, 10,7801. ; interest 
(3 years at 5 per cent. on 10,7801.), 1,617. ; operating 
costs (3 years), 9,300/.; or a total of 21,697/. This 
equals 3-8d. per gallon petrol equivalent. The income 
from 1,371,400 gallons at 1s. 6d. would be 102,8551. ; 
less total costs of 21,6971., this would leave a balance of 
81,1581. Variation in prices of 3d. per gallon on petrol 
is equivalent to 17,000. (approximately). These 
figures do not include the sum payable to the colliery 
for the gas, which is a matter for mutual arrangement, 
and are based on the price of the gas ex storage accumu- 
lators at works. The provision of containers for the 
use of the gas on vehicles is a matter of arrangement 
between the works and the consumer, but if one penny 
per gallon is added to the sale price of the gas, and the 
cylinders are filled once per day, the cost would be 
covered in a little over a year. The minimum working 
life of a cylinder is calculated to be six years. 

The foregoing estimates relate to the utilisation of a 
gas containing 98 per cent. methane ; if it is proposed 
to deal with a sludge gas, it is necessary to wash out 
the carbon dioxide. 
this purpose is of the type in general use and its cost 
would increase the above figures by 2,136/., equal to 
0-38d. per petrol gallon equivalent. 

There are no technical difficulties in the actual 
process of liquefaction. In recent years, considerable 
progress has been made in this direction in other parts 
of the world and many mechanical improvements have 
been devised, especially in relation to the separation 
and recovery of methane from mixed gases of the coke- 
oven type. None of these systems has been effectively 
demonstrated in this country up to the present. The 
utilisation of methane in liquid form is the most desir- 
able method of application. The Committee has been 


informed that, in modern practice, the cost of lique- | 


faction is less than 3d. per gallon; it has been estab- 
lished that 100 cub. ft. of the gas are required to produce 
one gallon of liquid. There is also to be demonstrated 


the efficiency of suitable containers for low-temperature | 
liquid of this character. in order to prevent evaporation. | 


The ordinary petrol tank, lagged with some suitable 


substance, is stated to be quite satisfactory, but we | 
have not yet been able to establish the claims put | 


forward by inventors and others. 

Conclusions.—({1) ‘Lhe Committee are satisfied that 
very large quantities of methane exist in this country. 
(2) A substantial proportion now goes to waste and is 


immediately available for use, and much greater | 


quantities can readily be rendered available. (3) Its 
satisfactory and economical use in stationary engines 
has been fully established. (4) It can be piped from the 
place of origin to adjacent internal-combustion plants ; 


The scrubber plant required for | 


LABOUR NOTES. 


AT its meeting in Southport on Wednesday last week, 
the recalled National Committee of the Amalgamated 
Engineering Union decided to refer its claim for a wages 
advance of 3d. an hour on basic rates and the restoration 
of certain pre-June, 1931, working conditions to the 
National Arbitration Tribunal. Explaining the posi- 
tion to the delegates, Mr. Tanner, the president, said 
that the employers, who had rejected the claim, did 
not attempt to deny that they were making profits 
at a high rate, but said that, if an increase of wages 
were paid, the Government would have to foot the bill, 
since they would pass on the increase either by raising 
prices in armament contracts or by paying less in 
excess profits. The union’s application, he said, was 
rejected not because the industry was not in a position 
to meet the increased charge, but because the employers 
said it would not be in the interests of the country. 
Was there any suggestion, he asked, that the engineers 
were trying to exploit the war in their own interests ? 
If so, it was emphatically untrue. They were satisfied 
that their demand was fair, reasonable, and fully 
justified. 


An amendment was moved that negotiations should 
be reopened forthwith with the employers on the 
original demands and that, to enforce them, the members 
should be prepared to withdraw their labour. It was 
stated by one speaker that they had not given up their 
right to strike and that the circular issued by the 
Minister of Labour had no legal basis. Another amend- 
ment instructed the executive to make immediate 
application to the National Arbitration Tribunal to 
consider the wage claim without prejudice to any 
further claims or the union’s freedom of action. The 
amendment to go to arbitration was carried by 25 votes 
to 11. The proposal for strike action was not put to 
the conference, the amendment being subsequently 
carried as a substantive motion by a large majority. 


The National Committee of the Amalgamated Engi- 
neering Union is composed of delegates elected by 
the branches and its function is to arrive, after discus- 
sion, at decisions on policy and to instruct the Executive 
Council to give effect to them. It instructed the 
Executive Council to apply to the Engineering and 
Allied Employers’ National Federation for the wages 
inerease which has now been referred to the National 
Arbitration Tribunal. Presumably, the similar claim 
of the National Union of Foundry Workers is also to 
| be referred to the Tribunal, as the two organisations 
| were associated in the application to the employers. 





| Neither the Amalgamated Engineering Union nor the 
| National Union of Foundry Workers is in the Confedera- 
|tion of Shipbuilding and Engineering Unions, whose 
claim for a wages increase of 10s. a week has been 
rejected by both the Engineering and Allied Employers’ 
National Federation and the Shipbuilding Employers’ 
Federation. On behalf of its 40 odd constituent units, 
the Confederation is understood to favour a reference 
of its claim, as well as that of the A.E.U. and the 
Foundry Workers, to a new independent tribunal, but 
in the light of the decision of the engineers’ National 
Committee the idea is unlikely to find adequate support. 
The A.E.U., at any rate, has, for years, preferred to 
act alone. 


The National Union of Railwaymen, the Associated 
Society of Locomotive Engineers and Firemen, and the 
Railway Clerks’ Association have formally presented to 
the main-line railway companies a claim for an increase 
of 10s. a week in the wages of their members. A meeting 

of representatives of the railways and the unions will 
probably be held before the companies give their reply. 
|The National Union of Railwaymen has also applied 
| for an increase of 3d. an hour on the basic rates of its 


| members employed in railway workshops. 
| 





It is stated that under an agreement to which the 
|London Association of the Engineering and Allied 
| Employers’ National Federation and the London 
| Central Committee of the Electrical Trades Union are 


ferences between the trade unions and the employers 
in London and a number of important provincial 
centres an excellent spirit of co-operation had been 
shown over problems arising out of working after the 
sounding of the Alert. There was a concensus of 
opinion, it was stated, that work should be continued 
after the siren to the greatest extent practicable. 
Although there was criticism of the watcher system 
on the ground that it was inadequate, especially in 
cloudy weather, there was much evidence that it had 
saved a good deal of productive time. The “ alarm 
within the Alert ” system was welcomed. The general 
view was that this system should be extended as widely 
as possible, and that the raid watcher system should 
be developed on supplementary lines. 


An Order has been issued by the Minister of Labour 
and National Service and took effect on November 11, 
requiring the provision of canteens at factories employ- 
ing more than 250 persons and engaged on Government 
work, It empowers the Chief Inspector of Factories, 
or any other authorised Factory Inspector, to direct 
| that a canteen shall be established and maintained. 
| The canteen must be in or near the factory and it may 
| serve one or a groupof factories. It must provide hot 
meals that can be bought by the persons employed. 





The report of the General Federation of Trade 
Unions for the third quarter of the current year states 
that 94 societies are affiliated—58 on the higher scale, 
34 on the lower scale, and 2 on both scales. The 
membership on which contributions are based 
343,551, 218,557 members being on the higher scale, 
114,987 on the lower scale, and 9,607 on both scales. 
The gross membership is 355,508, During the three 
months the Federation received 6,3551. 38. 1d. in contri- 
butions and paid out 1/. 6s, 8d. in benefits. In a note, 
Mr. George Bell, the general secretary, says :—‘‘ The 
members as well as the trustees and executives of 
affiliated trade unions, have every reason to appreciate 
the sound financial position of the Federation. There 
is no more difficult task for an actuary than the ascer- 
tainment of future costs of dispute benefits. To be 
re-insured against dispute risks is a very wise policy, 
and affiliated societies must have a sense of contidence 
and security when they realise that their worth, 
through the Federation, is 314,0001.” 


18 


Twenty-seven of the 48 mobile canteens which the 
Trade Union Movement have presented to the Y.M.C.A. 
for the use of the Services were inspected by the King 
and Queen in the inner quadrangle of Buckingham 
Palace, on Tuesday last week. Four of the vehicles 
were from the General Council of the Trades Union 
Congress and the rest from individual unions, After- 
wards, the King received from Mr. George Gibson, the 
chairman of the General Council, the gold badge which 
is customarily given to distinguished visitors, particu- 
larly visitors from abroad, who come to the Congress. 
For the King a special badge was struck. It ‘consists 
of the Congress medallion surmounted by a bar bearing 
the Royal Arms. An inscription commemorating the 
occasion is on the back. When handing the gift to the 
King, Mr. Gibson said that if ever His Majesty were 
disposed to visit the Congress he would find the badge 
an “‘open sesame.” 


Addressing the South Wales Regional Council of 
Labour at Cardiff, Mr. Ernest Bevin, the Minister of 
Labour and National Service, gave some particulars of a 
new link between the workers of the East and West 
which would, he said, be a great precedent for the 
coloured races and for the first time extend to them real 
equality. Several hundred Indians would be brought 
from the workshops of their own country to this 
country to be trained and to live in the homes of our 
people. Afterwards, they would go back with know- 
| ledge of trade unionism and other organisations here. 
|“ | want,”’ the Minister declared, ‘ to raise the concep- 
| tion of the standard of living in the East. If you do 
| not do that you cannot get equilibrium in the West. 


We have decided to get instructors in this country— 





| 
} 


or it can be compressed and transported. (5) If there | parties, the minimum basis rate, on engagement, is | men, I hope, who will come from the Trade Union 
is a considerable percentage of CO, as in the case of | fixed at Id. an hour above the district rate for skilled | Movement with a big outlook—to train hundreds of 


sewage-sludge gas, this can be removed by washing ; 
for mixtures of the coke-oven type, systems of refrigera- 
tion are available. 


the commercial class, operating in a limited mileage from 
the site of production. (7) Liquefaction presents the 
most attractive form of use, but the efficiency of 
containers is yet to be demonstrated in this country. 
(8) It provides an extremely cheap source of power. 








BRITAIN’s EXPORTS OF PAINTS.—More than 100 British 
paint manufacturers continue to export paints, varnishes | 
and enamels to the value of 5,000,0001. a year. 


(6) Compressed, it is suitable for use | 
in any type of motor-driven vehicle, but preferably for | 


| 668—a decrease of two. 
| 12,600—an increase of 34. 


| fitters, with a further ld. an hour after six months in 
| the same service. a 
According to the Trade Review of the United Pattern- 
| makers’ Association, 115 members—the same as in 
October—were “ looking for work” last month. The 
| number in receipt of sick benefit was 230—an increase 
of 16, and the number in receipt of superannuation 
The total membership is 


In a statement issued last week, the General Council 
of the Trades Union Congress reported that in con- 





| people in India.” etter 


| The Ministry of Labour Gazette states that in the 
| industries for which statistics are regularly compiled 
| by the Department, the changes in rates of wages 
| reported to have come into operation in October are 
|estimated to have resulted in an increase of about 
| 150,0001. in the weekly full-time wages of about 
| 1,825,000 workpeople. The changes so far reported 
| in the ten completed months of 1940 in the industries 
|for which statistics are available, are estimated to 
| have resulted in a net increase of about 1,920,0001. 
jin the weekly full-time wages of about 7,800,000 
| workpeople. 
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CORROSION OF STEELS 
MOLTEN NITRATES.* 


By P. Lioyp, B.A., and E. A. C 
Ph.D., D.LC. 


BY 


CHAMBERLAIN, 


For the precise temperature control demanded in the 
heat treatment of aluminium alloys it is usually found 
desirable to make use of a fluid heating medium, and 
the furnaces most frequently installed for the process 
are baths of molten salt. Suitable salts are sodium 
nitrate, m.p. 309 deg. C., or the equimolecular sodium- 
potassium nitrate eutectic, melting at 218 deg. C. The 
advantage of the low-melting point mixture is that 
less strain is imposed on the salt container during 
heating up and cooling down, so that for intermittent 
work the employment of the eutectic is recommended. 
When a bath is to be used continuously, the melting 
point of the salt is less important. From the point 
of view of heat treatment it is essential that the fused 
salt shall have no undesirable chemical effect on the 
metal, and for this reason it is sometimes specified 
that the salt shall contain no free acid or alkali. The 
salts are melted in open welded vessels of mild steel, 
externally heated, and it is hardly surprising that under 
these circumstances there is some oxidation of the vessel 
by the molten salts. In practice, it is found that some 
salt baths withstand this corrosion satisfactorily while | 
others are very rapidly attacked and are ultimately | 
perforated, so that the molten salt escapes and may 
do much damage. Examination of a number of instal- 
lations where this had happened has failed to locate 
the cause of the trouble and the problem has, therefore, | 
been investigated in the laboratory. 

Little work appears to have been published on the | 
oxidation of steel by molten nitrates. The only 
contemporary work known to the authors is the 
German investigation of two serious salt-bath explosions 
which took place in that country.¢ In one case perfora- 
tion of the bath was ascribed to an intensification of the 
reaction between iron and molten alkali nitrate brought 
about by local overheating of the bottom of the bath 
in the presence of sludge. In the other case the cause 
of failure was thought to be the occurrence of a thermite | 
reaction between aluminium scrap and loose iron oxide | 
lying at the bottom of the bath, the heat developed 
being sufficient to melt the steel. Aluminium was 
found to be inert to the molten nitrates at all tem- 
peratures up to its melting point (657 deg. C.), so that 
severe local overheating must first have taken place. 
General experience, however, shows that pot failure 
is most commonly caused by local corrosion, not 
necessarily at the bottom of the pot or at an over- 
heated surface, producing a heavy growth of laminated | 
scale and gradually eating into the metal until it is 
perforated. No cases of the explosive thermite 
reaction have come within the personal experience 
of the authors, but although the effect is unusual it is 
obviously desirable to prevent any foreign matter 
from accumulating on the bottom of the bath. 

Experimental Work.—-It was decided that the labora- 
tory work must reproduce as nearly as possible the 
conditions prevailing in practice, and the tests were 
therefore carried out on miniature welded pots made 
of 22-gauge metal and measuring 2 in. square by 6 in. 
deep ; 200 g. of fused salt about half filled a pot. The 
area of metal surface in contact with the molten salt 
was 24 aq. in. (154-8 sq. cm.). Nine of these pots were 
heated in a furnace, shown in Fig. 1, on this page, 
which was specially designed to heat them as uniformly 
as possible. 
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| 
| the rate of corrosion at the higher temperature, parti- | published evidence on the effect of carbon content 


cularly when comparison is made between runs 1, 3 and 


4 and runs 11, 12, 13 and 14, all on a low-carbon iron. | 


| An ordinary brand of commercial salt, as used in heat- 
treatment practice, was chosen for the experiments, 
with impurities artificially increased where shown. 


and other impurities on the scaling of steels at this 
temperature is scanty. In 1939, Preece, Simister and 
Cobb concluded that, at 650 deg. C., the carbon content 
of a steel has no appreciable influence on the corrosion 
rate. Siebert, in the United States, working at much 





It is particularly interesting to note the behaviour of | higher temperatures, 930 deg. to 1,150 deg. C., found 
pot 18, in which a chemically-pure sodium-potassium | that all carbon steels behaved similarly, but that 
eutectic to which 0-61 per cent. of chlorine had been | Armco iron was anomalous. 


added as NaCl, was used; corrosion was very rapid 
and a large circular hole appeared in the pot within 
48 hours, 
those recorded on actual installations. The corrosion 
is localised—for instance, one side of a pot may be 
badly scaled while the rest of it is virtually untouched. 
A typical corroded pot is shown in Fig. 2. The laminar 
growth of scale on one side is clearly visible. The 
external attack is in every case negligible compared 
with the internal. The rapid perforation of pot 18 is 
analogous to the very sudden failure which sometimes 


Fig.I. 
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| A preliminary test was made to determine the 
corrosion of the four steels in air at 500 deg. C. Samples 


The results obtained are very similar to | were cut approximately 2 in. square, degreased with 


benzene, washed with ether and dried in vacuo before 
| weighing. After heating in a muffle at 500 deg. C. for 
500 hours, the samples were cooled in vacuo and 
weighed. To obtain a comparison with the rate of 
oxidation in pure molten nitrate at the same tempera- 
ture, similar strip samples were suspended in a large 
salt pot for 500 hours. In the muffle test there was 
little difference in the amount of scaling of the four 
samples, but it was found that K, L and M, instead 
of forming the laminar scale typical of the salt-bath 
tests, had a patina of red oxide, velvety in appearance 
and similar to the oxidised surface on the outside of 
the salt pots. The sheet N, on the other hand, had 
the characteristic laminar scale. In the salt-bath tests 
the scaling rates were appreciably higher and there 
was also an obvious difference between M, N and K. 
Tests with molten sodium nitrate (chlorine, 0-25 
per cent.) at 500 deg. C. in sample pots as previously 
described, may be summarised as follows :—Sheet K.— 
Four test pots: marked local attack in every case, 
leading to perforation in one instance. Sheet L.— 
Two test pots: one perforated, the other the most 
heavily scaled of its batch. Sheet M.—Five tests : 
no local attack in any instance. Sheet N.—Four tests : 
local attack in each case, but no perforation, and 
increase in weight than with K and L. The 
superiority of M (Armco iron) is obvious, but whether 
the difference is due to the low carbon content, to 
absence of other impurities or to lack of segregation 
is not clear from the evidence at present available. 
It is worth recording the fact that practical experience 
of salt baths fully confirms the conclusion as to the 
resistance of Armco iron to this form of attack. 
Analysis of the laminar scale formed on steel K 
showed that it consisted of 99 per cent. Fe,O,. Sections 
of K, M and N in the early stages of scaling, i.e., after 
200 hours, in pure sodium nitrate at 500 deg. C. are 
shown in Figs. 3, 4 and 5, on the opposite page. All of 
these sections are unetched, and in each case the base 
metal is on the right and the scale layer in the centre of 
the illustration. The mild steel K shows a discontinuity 
of structure suggestive of a laminar form, and the wavy 
outline may indicate strains in the oxide layer tending 
to split it away from the surface. The Armco iron M, 
by contrast, has a thinner and much more uniform 
scale structure, while N intermediate. Fig. 6. 
opposite, shows a micrograph of a piece of scale from 
a punctured mild-steel bath out of an actual furnace. 
The irregular curvature of the scale layers is again 
in evidence. A micrographical examination of samples 
of the four scaled steels was made by Mr. A. Preece, 
of Leeds University, but this gave no evidence of 


less 


is 
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occurs under industrial conditions. General over- | 


heating is, however, unlikely in practice, since the heat 


In Fig. 1 the salt pots are shown at a, | treatment of the alloys requires very close control | 


the secondary air ports at b and the flue ports at c.|of temperature and automatic regulation is almost | 


The aerated burner d was placed at some distance below 
the pots, so that all possibility of flame contact was | 
avoided. The gas supply to the furnace was governed 
and accurate temperature control could be maintained. 
Temperatures were measured by silica-sheathed plati- 
num/platinum-rhodium couples placed in the salts, 
using a Cambridge indicator. The maximum variation 
from end to end was not greater than 7 deg. C. at 
00 deg. C. and 10 deg. C. at 600 deg. C., and during 
a 1,000-hr. test the maximum variation in any pot 
was not greater than 3 deg. C. 

General Overheating.—Two series of tests were 
carried out, one at 500 deg. C., a normal working 
temperature, and the other at 600 deg. C. ; heating was 
continuous and no aluminium was immersed in the 
salts. The results are given in Tables I and II, opposite. 
External corrosion took the form of powdery red oxide, 
giving a velvety appearance, but this was negligible 
in comparison with that occurring internally in pote 
5, 6 and 8. No loose flakes of scale were produced 
on the outside of the pots in these or any of the subse- 
quent tests. There was a suggestion that, in pot 5, 
the corrosion might centre around the weld, but this 
effect has not been observed in any of the later teste. 

The results show that there is a marked increase in 


« 


* Paper submitted to the Iron and Steel Institute and 
circulated for written discussion. Abridged. 


t Reichsarbdeitsblatt, vol. 3, pages 214 and 313 (1935). 





universally employed. 

Local Overheating.—A small furnace holding a single 
experimental pot was built, the pot being heated by 
a single aerated Bunsen burner firing on to the side 
of the pot. Two tests were made, one at 500 deg. C. 
and the other at 600 deg. C. on mild-steel pots (carbon 
0-09 per cent.), with the commercial nitrate eutectic 
used in the previous experiments. The pot heated to 
500 deg. C. had a coloured zone on the outside where 
the flame had played, but showed no sign of local 
corrosion inside or out, except one pimple of scale on 
the side remote from the flame. The pot which had 
been heated to 600 deg. C., similarly, showed no local 
corrosion where the flame had played, but contained 
the same laminated iron-oxide scale as the pots heated 
to 600 deg. C. normally. These experiments have been 
repeated, and the results confirm that local heating 
does not in itself produce corrosion at that point. 
All the following tests were done at the standard 
temperature of 500 deg. C. 

Effect of Variations in Composition of the Steel 
Forming the Pot.—The results already quoted, Tables 
I and II, give evidence of the varying resistance of 
| different steels to the corrosive attack and suggest 


| was punctured, and pot C X C 2 nearly so. 


| 


that iron sheet of low-carbon content is superior to | 


mild steel. Other early tests showed considerable 
| differences between various mild steels. To investigate 
| this point a supply of four different sheets was obtained, 

the analyses being given in Table III, opposite. The 


intercrystalline corrosion. Work on the mechanism of 
scaling of various steels under these conditions, and 
in particular on electrolytic effects, is now in progress. 

A first test on the protection of miniature pots by 
aluminium spraying gave promising results and further 
tests involving a heat treatment recommended by 
Rollason* were conducted. After spraying, the pots 
were coated with bituminous paint, heated rapidly 
to 780 deg. C., and maintained at this temperature for 
10 minutes. After cooling in air they were heated at 
900 deg. C. for 5 hours, and quenched in water. The 
results obtained show that aluminium spraying alone, 
though it may be helpful, offers no certain protection. 
The heat-treated pots, on the other hand, were pro- 
mising, and by way of further investigation of this 
form of protection, a commercial process was investi- 
gated. Two pots, C X C and C X C 2, made of steel K 
treated in this way showed the first signs of corrosion 
after 240 hours; the tests lasted 576 hours and 744 
hours, respectively, and the increase of weight was 
18 g. in each case. At the end of the test, pot C XC 
It seems 
that protection by these processes is unreliable and 
that the use of Armco iron is a preferable solution to 
the problem. To eliminate effects due to differences 
between steels, all the following work on salt composi- 
tion was done with the mild-steel sheet K, the analysis 
of which is given in Table IIT. 

Effect of Impurities in the Salt——In the many test 
runs completed during this investigation no evidence 
has been obtained of any difference between the 
corrosive effects of the sodium Salt and the eutectic. 
The point is illustrated by the comparison of pots 5 
and 6, 11 and 12, and others, but greater significance 
attaches to the result of pots 9 and 17 containing the 





* See JI. Inst. Met., vol. 60, page 45 (1937). 
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x 100. x 100. x 100. PuncTURED Sat Batu. 
pure eutectic, since in each of these cases corrosion , are in use. The effect of chloride on the rate of corro- | to give a minimum at 485 deg. C., corresponding to 


was at a minimum. The important conclusion from 
the preliminary tests of Tables I and II is that impuri- 
ties in the salts cause a very marked acceleration of 
the corrosion. The impurities investigated, chlorides 
and sulphates, are those which are actually present in 
most commercial salts, chlorides being the most 
common. Their effect was further examined by 
carrying out a series of tests at 500 deg. C. with varying 
concentrations of alkali chloride. Heavy corrosion 





began to occur in less than 16 hours in all pots contain- 


sion is closely linked with the quality of the steel used 
for the bath, and with those steels that are intrinsically 
resistant to this form of corrosion the chloride concen- 
tration in the salt is less serious. Later tests have 
failed to confirm the earlier suggestion that sulphates 
had an accelerating effect on corrosion. ‘Two pots, 
C.71 and C.72, were charged with 200 g. of sodium 
nitrate containing 0-6 per cent. and 0-3 per cent. of 
sulphate respectively, and heated at 500 deg. C. After 
800 hours, neither of them had increased in weight 


























TABLE I.—ErFrect OF GENERAL OVERHEATING AT 500 Dec. C. For 350 Howrs. 
Pot " eo | ene Gain in | . 
No. Salt. C1. 80,”. | Weight. | Remarks. 
Ingot Iron. Carbon 0-05 Per cent. | Per cent.| Per cent.| Gms. 
1 Commercial sodium nitrate ‘ it ‘ 0-40 0O-19 | Thin layer of black adherent scale. 
3 Commercial eutectic + 1 per cent. nitric acid .. 0-18 0-09 | ” e 9 
4 Commercial eutectic + chloride + sulphate 0-36 0-57 | 4 Unchanged except for a trace of loose scale. 
| | 
Mild Steel. Carbon, 0:13 Per cent. 
5 Commercial sodium nitrate i F 0-40 | 0-19 20 Large loose flakes of scale. 
6 Commercial eutectic - |} 0-18 | 0-09 13 - on ; 
8% | Commercial eutectic + chloride + sulphate -. 0-36 | 0-57 26 9» 9 
i) Pure eutectic* . " os oe | Nil | Unchanged. 
oniia i eee eae ie UJ - —_ 
* Analytical reagents. 
TABLE II.—Errect oF GENERAL OVERHEATING AT 600 Dec. C. For 350 Hours. 
Pot } o> f aon (em I . 
No. Salt. Cl. | SO,”. | Weight. Remarks. 
_— ———E — ee ! — -_ aS 
Ingot Iron. Carbon 0.05 Per cent. |Per cent.|Per cent.| Gms. | 
ll Commercial sodium nitrate 0-40 0-19 | 9 | Adherent layer of scale 
12 Commercial eutectic 0-18 | 0-09 10 Adherent. layer of scale and a little loose 
J : , | | flaky scale. 
13 Commercial eutectic chloride + sulphate 0-36 0-57 8 As No. 12, but with a considerable amount 
. | Of loose flaky scale. 
14 Commercial eutectic + 1 per cent. nitric acid 0-18 0-09 | 9 | As No. 12, but a little more loose scale. 
. Mild Steel. Carbon, 0-09 Per cent. | | 
15 Commercial eutectic im 0-18 | 0-09 | 22 | Heavy growth of laminar scale and some 
4 | loose flakes. 
16 Commercial eutectic 1 per cent. nitric acid 0-18 | 0-09 | 18 | ” ” ” 
17 | Pure eutectic* : ; - : — Nil Nil | 6 | Some flakes of adherent scale. 
18 Pure eutectic + chioride* ‘ : ..| O-61 Nil | 44 | Perforated after 48 hours. 
19 Pure eutectic + sulphate* ‘ ae | Nil | 0-68 } 31 | Heavy growth of laminar scale. 


aM pe ty Bae ‘| 








* The “ pure " salts used were in 


ing chloride, and the growth of laminated oxide scale 
continued throughout the test. The three pots con- 
taining pure nitrate remained free from corrosion. 
The increase in weight of four p.riicular pots was 
most significant, and it was realised that 0-1 per 
cent. of chlorine has a marked accelerating effect on 
the rate of corrosion on this particular mild steel. 
Further experiments were then made to determine 
the smallest quantity of chloride which has a significant 
effect on the rate of corrosion at 500 deg. C. As the 
results showed, there is a measurable acceleration in 
corrosion with chlorine-ion concentrations as low as 
0-025 per cent., and the rate of corrosion increases with 
increasing chlorine-ion concentration. These two sets 
of experiments indicate the importance of using salt 
with the lowest possible chloride content. Even salts 
sold specially for heat-treatment work may contain 
0-3 per cent. of chlorine-ion, while it has been found 
that salts containing still higher chloride concentrations 








all cases analytical reagents. 


at all. In any case, the sulphate concentration in most 
commercial salts is now very low. 

The Reactions in the Salt.—The oxidising effect of 
the molten nitrates is due to decomposition to nitrite 


with liberation of oxygen. These reactions, ¢.g., 
2NaNO,= 2NaNO,+ O,, were investigated by M. 
Centnerszwer,* who found them to be reversible. He 


measured the temperature of initial decomposition 
under different oxygen pressures and from his data it 
follows that with pure sodium nitrate and potassium 
nitrate the heat-treatment temperature of 500 deg. C. 
corresponds to a dissociation pressure well in excess of 
the partial pressure of oxygen in air, but less than atmos- 
pheric pressure. Under these circumstances slow 
decomposition might be expected without effervescence. 
The dissociation curve of the binary mixture of the 
sodium and potassium salts (in pure oxygen) was found 





* See JI. de Chimie Physique, vol. 27, page 9 (1930). 


the molecular proportions 30 per cent. NaNQO,:: 
70 per cent. KNO,. The dissociation temperature for 
the eutectic was about 496 deg. C. The same investi- 
gator measured the effect of additions of sodium 
and potassium nitrites on the dissociation temperatures 
of the corresponding nitrates (again in equilibrium 
with oxygen). He found that there was a very marked 
raising of the dissociation temperature. 

In practice, there seems to be effervescence from every 
sample on first melting, and in some cases the reaction 














TABLE III 
| ) | 
. . Phos- Man- 
, | Carbon, | Sulphur. | | Silicon, 
Steel. phorus. | ganese. 
Per cent. Per cent. Per cent. | Per cent. Per cent. 
| | 
K 0-09 0-03 0-06 0-4 } 0-04 
L 0-13 | 0-05 0-06 0-37 |} 0-07 
M 0-03 | 0-032 9-008 0-017 | Nil 
N 0-05 0-04 0-006 0-02 | WNil 
proceeds vigorously. Later, the effervescence dies 


down and when the pot is not corroding it appears as 
if the decomposition of the salt has ceased, Evolution 
of nitrogen peroxide has never been observed, even in 
the tests at 600 deg. C. The question arises how far 
the decomposition of nitrate to nitrite proceeds in sajt 
baths. The German Reichsarbeitsblatt* gives the 
analyses of residual salts from nitrate baths shown in 
Table IV, one specimen having been taken from a bath 
which had exploded as a result of overheating. In a 
process patented by the I.G. Farbenindustrie A.G.t 
it is claimed that the use of alkali dichromates re-oxidises 





TABLE IV. 
aes - : : 
| Ex- . ‘ 
i... oO : 
Constituent. | ploded ther ¢ — ial 
| Bath. ? 
| | 
Nitrate, per cent. | 52-2 | 66-5 | 89-9 97 
Nitrite, per cent. | 9-6 44) 3-9 | 1-2 
Nitrate /nitrite ratio ' 5-4 15-1 | 28-1 81 
Alkali oxide, per cent. 1-3 0-2 | 0-03 0-02 


the nitrite and decomposes free alkali, aluminate and 
ferrate with the object of reducing scaling of the bath. 

An experiment was made in which a number of 
model pots containing sodium nitrate were heated, 
at a temperature of 500 deg. C., for periods ranging 
from 370 hours to 1,000 hours, with added sodium 
nitrite present to ascertain the effect on the corrosion 
of the steel and on the liberation of free alkali. Standard 
K mild-steel pots were used in every case. he 
results obtained were interesting in various ways. 
They show that under commercial conditions the nitrite 
concentration tends to rise gradually, but that the 
decomposition of the nitrate does not approach com- 
pletion at these temperatures. It is impossible on the 
evidence from industrial installations to decide whether 
a true equilibrium is established, since there is always 
a steady wastage of salt which is made up by addition 








* Loc. cit., page 313. 
+ British Patent No. 513002. 





460 


of fresh material to the bath. The presence of appre- | 
ciable quantities of free alkali oxide (ranging from 
0-15 per cent. to 0-40 per cent. expressed as Na,O) 
after prolonged heating is interesting in showing the | 
doubtful value of fixing limits to the permissible 
alkalinity of the original salt. | 

Moreover, the corrosion tests on the model pots 
indicate clearly that, while small additions of sodium 
nitrite, 1-5 per cent. and 3-0 per cent., have no great | 
effect on the corrosion rate, larger additions, 7-5 per 
cent. and 15 per cent., are effective in suppressing it. 
The analyses of the residual salts fully explained the 
corrosion effects, since it was found that the salts 
containing the lower nitrite concentration have con- 
tinued to decompose with liberation of oxygen, while 
the others, instead of having an oxidising effect, have 
themselves been oxidised by the atmospheric oxygen. 
The results are clearly consistent with Centnerszwer’s | 
figures for the effect of nitrite on decomposition tem- | 
peratures and suggest that in air (partial pressure of 
oxygen, 159 mm.) and at 500 deg. C. the equilibrium | 
mixture of the sodium salts contains about 4 per cent. 
of nitrite. Centnerszwer’s decomposition temperatures | 
for the sodium-potassium nitrate mixtures suggest 
that in the equimolecular mixture the nitrite percentage 
at equilibrium may be considerably higher. which may 
account for the poor performance of the commercial 
salt mixture with the nitrite addition. In practice, the 
equilibrium is not always reached on account of the | 
slowness of the reaction in pure salts. On the other 
hand, the equilibrium may also be displaced by over 
heating, as the results, and possibly by 
electrolytic effects. 

No other chemical reactions of any significance have | 
been detected in the molten salt. Impure salts often 
give a brownish flocculent precipitate, but the quantity 
is very small and it has not been possible to isolate 
sufficient of the deposit for analysis. The traces of 
chloride which have been found to exert such a marked 
effect on the course of the corrosion are still found to 
be present in the same concentration at the end of a 
test run. 

Conclusions.—-The corrosion of steel by molten alkali 
nitrate has been investigated with special reference to | 
the effects of temperature and of impurities in the salt 
it was found that the scaling which takes place under 
conditions is different. both in character and in | 
from sealing in a gaseous medium at the 
temperature. Although the rate of oxidation increases 
markedly with rise in temperature, local heating of a 
part of the metal container does not in itself give rise 
to abnormal scaling at tnat point. Exploratory tests 
on certain irons and steels showed that Armco iron 
had a high resistance to this form of corrosion ; investi 
gation of this of the problem is continuing 
The protection provided by aluminium was | 
uncertain. Alkali chlorides are common impurities in | 
the commercial for the heat treatment of 
light alloys, and it was found that they are responsible 
for a marked acceleration in the rate of attack on the 
steel; 0-1 per cent. exercises a considerable influence. 
{t was found that decomposition of nitrate to nitrite 
does not proceed to completion and that salt mixtures 
containing much nitrite are oxidised by the atmospheric | 
oxygen. In one series of tests with sodium salts at 
500 deg. C. and in air. the equilibrium concentration 
of nitrite was found to be about 4 per cent. It 
concluded that with the sodium salt the presence of 
5 per or more of nitrite should helpful in 
suppressing the corrosion, but with eutectic a 
greater addition may be necessary of the | 
lower intrinsic dissociation temperature 
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CATALOGUES. 


Motors. Messrs. 
Bradford, have 
designed to facilitate the 
of any make and type, and 
types in which the firm specialises. 

Hydraulic Vatresa.—-A 
describing hydraulic control 
has been received from Messrs. Glenfield and Kennedy, 
“Limited, Kilmarnock. valves are designed to! 
meet the higher pressures used in water and oil-operated 


Crofts (Engineers), Limited, 


sent us 


Geared 


Thornbury, a catalogue which is | 
motors, 


of the 


selection of suitable 
reduction gearing 
publication illustrating and 
valves, of special types, 


These 


plant 

Electric Welding Equipment.-From Messrs. The 
Quasi-Are Company, Limited, Bilston, Staffordshire, | 
we have received a circular giving particulars of welding 
sets for outputs of 210 to 600 amperes. Illustrations 
show portable and multi-operator equipment supplied 
for 12 to 24 welding points. 

Industrial W elfare.—Messrs. Hanovia, Limited, Slough. 
have sent us a booklet dealing with the use of artificial 
sun-baths to maintain the health of employees engaged 
in heavy manual labour. Particulars are given of 
typical solarium lay-outs and references are made to a | 
number of medical and other reports on the results | 
o tained from the treatment. 


| of London, and E. E. Bailey, of Greenford. 


| for a gimbal ring 15. 
}an outer gimbal ring 


|} a transparent hemispherical hood 20. 


} drum 


| through bevel gears by a knob 


| measured 
| prism 
| the 


}upper end of the 


|extends diametrically 


| appears to be travelling -vertically. 
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** ENGINEERING ”’ ILLUSTRATED | 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 


The number of views given in the Specification Drawings 
is stated in each case; where none is mentioned, the 
Specification is not illustrated. 

Where inrentions are communicated from abroad, the 
Names, etc., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Pi 
Office Sales Branch, 25 Southampton 
Chancery-lane, London, W.C price 1s. each. 

The date of the cieatiment of the acceptance of a 
Complete Specification is, in each case, given after the 
abstract, unless the Patent has been sealed, when the 
word “ Sealed” is appended. 

Any person may, at any time within two months from the 


date of the advertisement of the acceptance of a Complete 
| An ejector 10, 


the Patent 
Patent on any 


Office 
of th 


notice at 
of a 
Acts. 


Specification, give 
opposition to the grant 
grounds mentioned in the 


AERONAUTICS. 


525,801. Instrument for Taking Bearings. 
Aviation Company, Limited, of Hayes, J. Hetherington, 
(5 Figs.) 
March 1, 1939.—The instrument is primarily intended to 
obviate the disadvantages of a sextant, which is held 
by the observer while the readings are taken, and by 
which it is difficult, in aircraft, to obtain readings of any 
accuracy owing to the sudden movements of the machine. 
The optical system is arranged mainly within, and partly 
on, 10 having near its upper end a flange 
which rests on a sleeve 12. The sleeve carries bearings 
which is mounted on bearings in 
17 carried in a circular frame on 


a vertical tube 








$2580i) 


On this circular frame is mounted 
Above the upper 
tube 1s mounted a reflecting prism 21, which 
through an angle 


the main structure 
end of the 
rotated on a horizontal axis, 
by a lever and a jointed link 
mounted coaxially within the 
with which a projection on the 
is graduated and is rotated 
Above the tube adjacent 
21 fixed reflector, which 
star the altitude of which is to be 
from the prism 21 to second reflecting 
33 the bottom of the tube. This prism 
reflects the image into an eyepiece 34, so that by turning 
tube 10 in the sleeve 12 and by revolving the knob 
the observer can focus the image in the The 
tube 10 carries a gallery which forms 
cover for the prism 21. \ window 
across the cover in the plane in 
is moved. Eccentrically mounted 
10 is a bubble tube 42 at the 
bottom a bubble cell, 
bubble ” sextants. 
refracts into the 


can be 
of 95 deg.. 
25 (Fig. 2) 
a helical groove 
This drum 


tube 
having 
link engages. 
the is 
directs the 


reflecting prism 
light of the 


a 


a 
near 


eyepiece. 


a hemispherical 
which the prism 21 
within the vertical tube 
top of which is a lens, and near the 
with its adjuster, of the kind used in “ 


Beneath the cell is a prism which 


| reflecting prism 33, an image of the bubble so that images 


are seen in coincidence 
The altitude of the star is measured 
graduated drum 25. A reflecting 
prism and a pointer (Fig. 2) are mounted on the end of 
the link 24 opposite the scale and a second reflecting 
prism in the tube 10 throws an image of the scale into 
eyepiece alongside the eyepiece 34. When 
is rotated, the scale in the second eyepiece 
In the field of this 
are mounted seconds-setting stop watches for 
time and sidereal time, respectively, 


of the 
in the eyepiece. 
by the scale on the 


object and of the bubble 


a second 
the drum 


eyepiece 


Greenwich mean 


| press buttons extending through the eyepiece mounting 


so that they can be stopped at the instant when an 
observation is made. The instrument thus provides that 
at the moment of taking the observation the altitude and 
times read simultaneously, thus avoiding the 
present for the observer, after aligning the 
images of the object and the bubble, of moving his head 
away from the instrument to read the time. An azimuth 


can be 


Hecessit y 


Buildings, | 


The Fairey | 


| former and 


24 leading to a| 
and | 
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| hand $1 and pointer are mounted inside the hood 20 

around its lower edge, so that approximate bearing 

observations may be made when the instrument 

removed. The instrument can be used as a gunsight. 
| (Accepted September 4, 1940.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


| 524,409. Blank-Stamping Machine. Armstrong Cork 
Company, of Lancaster, Pennsylvania, U.S.A. (8 
| Figs.) January 30, 1939.—The triple die set shown is 
| for use in the formation of closure blanks from sheet 
metal and consists of an upper punch assembly and a 
|lower die assembly. The punch assembly includes a 
punch base 7, to which are attached cutting punches 8. 
which also acts as a forming element, i 
| retractable within the punch. The ejector is operated 
by compressed air, fed through a passageway in the base 7 
to a central distributing chamber 24. The closure blank~x 
may have tops of different shapes, and to allow for this 
| the ejector is made removable without disturbing the 
cutting punch 8. The die assembly consists of a die base 
shoe 34, which is provided with bores, and a cutting 


Is 
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(524.409) 


ring 36 is located at the mouth of each bore. A former 
39 is located in the bore and a draw ring 43 encircles the 
slides within the cutting ring 36. The 
draw ring 43 is operated by compressed air. To prevent 
the blank from adhering to the former 39 due to vacuum 
or a lubricating-oil film on the sheet, a bore 51 is drilled 
from the bottom of the former to a point near its top, 
and small bleeder passages run from the bore to the 
surface of the head. Compressed air is fed through the 
to these bleeder The punch assembly 
carries a spring-loaded stripper 59 through which the 
punches & To prevent wear, felt washers 
inserted in its openings to apply lubricating oil to the 
|}punches. The stripper is retracted in the forming 
vperation, and upon separation of the punch and die 
| the skeleton of sheet metal is stripped from the punches. 
(Accepted August 6, 1940.) 
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MISCELLANEOUS. 


515,120. Forming Concrete Piles. The British Steel 
Piling Company, Limited, of Westminster, and A. Hiley. 
of Rickmansworth. (8 Figs.) May 24, 1938.—The 
invention is a method of forming concrete piles in soft 
and water-logged ground. It aims at overcoming the 
difficulty experienced when the piling tube, which has 
been driven down to a firm stratum, has been withdrawn 
until a small quantity of concrete remains to be deposited, 
and the pressure at the bottom of the tube is not sufficient 
to balance the pressure of the soft ground surrounding 
the free concrete. In the present method, a plug of 
sand is deposited upon the charge of concrete forming 
the pile, the sand having a sufficient moisture content to 
cause bulking. The tube is then vibrated to deposit 
and tamp the concrete. The hammer, which gives 
upward and downward blows to the tube when in the 
firm lower strata, is so arranged that for depositing the 
concrete in the softer upper ground upward blows only 
are given to the tube, which is allowed to fall between 
each stroke by gravity assisted only by the cushioning 
steam which brings the hammer to rest at the bottom 
of its downward stroke. Thus the sand plug takes its 
full friction and arching action, without these being 
diminished by any sudden jolt, to grip the tube with 
full effect. The result that the concrete is forced 
down and spread below the tamping end of the piling 
tube. During the forming of the pile in the soft strata. 
the movements of the tube are assisted by the spring 
suspension and ropes supporting the piling tube. The 
sharp upward blows of the piling hammer act through 
the pair of extracting links, freeing both the concrete 
and the sand plug which latter relaxes its pressure on the 
tube. On the ensuing downward natural movement. 
the sand plug develops a pronounced ramming effect 
to spread out the concrete below the end of the piling 
tube. For gencral requirements, the sand used contains 
approximately 3 per cent. to 5 per cent. of moisture by 
weight, filling about one-fourth of the void spaces in the 
sand. Sufficient sand to occupy a length of some four 
to six diameters in the piling tube will, in average con- 
ditions, produce the necessary ramming effect upon 
the concrete bclow.—( Accepted November 27, 1939.) 


ais 


is 








sol Saker 


1 sp ean OE A Tee 


apa, 


Z% 


Fyhbti 





pe 


